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SUMMART:

Sottun pmmm,‘. Methods of Produsing ¥ithout the Use of mem.;

Office of’lhva; Besearch Project KR 352—263/2—19-41. Gontract thber
AEOHB. 372(00). ]

An 1nvoctigation in reapect to the deternination of a nethol for 7,
produeing sodiux perehiorate withcut the uss of p atinnn, to iuslude
but not no essarily to be linited to, the follcwing.» -

(1) Litorature and patent reviov both éoﬁestie ani foreign, on
- possibls substitutes for platinun as anodo mnterials in the
,,prodnotion of eodiun porch;ora :

(Z)f,Prelininaty laboratory uxperime“ts vith tha nore nroniaing
' :fanoie naterials. S FO .

(3) Literature and patent roviev both do-astie and’ fora.gn, on
‘' the thermal dscomposition of sodium ehlorats. for the pro-ki
- iustion of sodium perchlorate; and = e

(4) Preliminary latoratory experiments to indisate the feaaibility
of a thernal deconposition method,

" The rapai expanaion of the proiuatiOu of parehlorntea curlag the

last few years and eontemplated increazes in the demand for per-

- shlorates, together with the deereasing reserves of platimum, the

metal now uuei in the produetion. of scdium pereklorate (the
starting material for potassium and ammonium perchlorate), lako
1t desirable at this time to search for methods %o produce per-

 chlorates that will require less platimum, Part I of this report

bound in this cover, comprises a review of the teehnical literature,
including pa&tents, of all methods reported for the production of
perchlorates, and of all apparatus and technignes that might be
adapted to sueh production, Part II of this report, to be bound -
separately, is 2 short but critieal laboratory study of the methods
described in the literature, and of other methods that were suggettad
¢uring the eourse of the vork ’

Every effort was made {0 make the literature review gomplate to

the end of 1950, The 1951 literature was sovered as eompletely as
poraible by aneeking chemieal abstracts to date; however, many 1951
foreisn references may have been misced, '

1. The physieal, chewical and thermodynamic propertiea of the
sormon chloratcs and perehlorates are reviewed,

z, The hlstorical davelopment of electrolyiic perecilorate manu-
fazturs is outllined with apecial reference to ths eifeet of
such operating variables zs electrolyte concentration,
temperature, eurrant density, and pH,
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5.

The aperation of three modern perchlorate plante t= Qaperibed
1n some detail. Uadar the conditions ewployed in modern psr-

L

chlorate ceiles, platinum appears to bo the only practiecabis
anode materiesl thus far prnnoeed although extenuive work hae

A

heen done on the develiopment of a subsiliuie.

Anong the platinum-aubstitute anode materials which have

repurtedly been used suceessfully in smell scale perchlorats

production are magnetite, lead dloxide, silison, silicon

carbide, and graphite (1n a diaphragm cell) Various methods
of fhhricatiug magnetiie and lead percxide encdss to improve
their mechanical strength, clectrical properties, etc., are

 raviewed,

Other "lngoluble" ancde materials, which have not been temted
in perchlorate “formation but which have been propossed for use

- under severe conditions, inelude lead-antimony-sllver slloys,

Lara;c scalm gtudies of the thermal method are 1..,::1:1::“. .Asime
tle_time-timperature=yield ralaticnship is profoundly. 1nfluancﬁ&

lesd-thallium~-tin alloys, copper-eilicon—iron alloys,
:erroszlicon and cther slllcidea,,llmenzte, and manzanne

Datai;ed wo tk on the thermal conversion of chlarate to porchlur- :

atd has been iimited almost intirely to small-meale wstudles on

potassium chlorata, With this salt, the theoratical maximum -
yield of about 85 g, K0104 per 100 g, K“103 has not been rellined

because of the ecnourrent thermal decomposition of EC103 and
-E0104 - -tg KC1 anl 02, Sodium chiorate appears %o sivﬂ lawer .

yieldn then the yot&snium pali and thy alkaline earth and heavy
metal pnrnhlorateu appear to be. antiraly unsu‘tab;e

by the amount of meterial involved, it is not ‘poesible bo

- evaluate this mathed s & pogsidls eommereinl muthod on thc
'~ban1s ‘of ‘exiabing knovledge. - ST

'-’Iﬁ“moa G&Bes, ﬂhemiual oxidtzing agenbs da no¢ conrert chlorate

%0 _parenloravs erflclently. Fossible excepticne to this gener&1~

_isation are the axidation of potansiim ¢hlsorats with lead diazldo R f

 and the oxiuneion'of hypochloriaa- with olono. .

9.

10.

11,

The conversion of chlorates to perch;oratel by the uetion of &
strong minernl acid, such ag sulfuric acid, gives » theoretical) .
yleld of 57.4 golaclou per 100 £, Ea0103 iz the criorite by~
product is not worked up, Actual ylelds may be cinsideradly
iower than theoreiical,

The elsatrolytlec produetilon of perch?uxLu alad Jugnm O -:;laia
piaiinum ancdes, There is no indicaiion bhav suabbiluvs &aucds
materials could be naad nndar thae sanditione of thia electrolysia.

[
<

The elscirolytlc cxidaiion of lithium chloride and alkaline
earth chlorides to the correspondins verchloratees heg been
studied with platinum anodes, Agsin there 1s no euggesilon

as to the possible effectiveness of subatitute anode materials,
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LITERATIRE ERREVIEW

PERCHT.ORATES-PROPERTIES AND METHODS OF PREPARATION

A, Iatroduetion

Parehloratne and methods for their prepsration had been known and
studied for more than 75 years before O, Carleon, in 1895, firat began
to male thess compounds on sn industrial acale (140). The pommercieli-
sation of perchlorates was almost certainly instigated by the discovery
of the perchlorate explosives (&.g. "earlsonite!), and Swedish pruduchion
wad soon augmented by plants in France and Germany. Tnerearte;_._yo_;;,_d
production rose to about 2000 tons per year in 1940.

Prior to World Yax II, the United Statee imported a large part of
its perchloratd requirements, Only ons domeatic manufacturer was making
psrnhldratas in 19139 (115) end U,S. production at that time heg heen

estimated at 1000 tons/yeer (126). - The loss of Buropean sources was

responsible for the initial expansion of %the perchlorate industry in the

'
i st ittt 1 R T A

U.S.. -#nd as a.result of new military developments, such as Tooket ' p,ropuluion, e

U.5, production vapidly nountes to avout 20,000 tehs per year (116), This™
increased production was maje puesible Dby the erection of 4 new plants - :
{4 new mamufacturers) during the esrly 1940's, .8 s. producars (BEY of
potassium perchiorats are yreported to 1no1ndo:

6, Prederick Smith Chamioal 00.. Oolullml, Ohi.o
“#0ardox Jorporation, Olaremore, (Kla, '

Wastern Electrochemical co.. Los Am'eln. Oal..— e

~ and Henderson, Nev, .
Glibury Zisctrochemicel Go.. Nia.ga.ra rula. NoYo

Je A! Baker (hesiesl Oo.,A hilliplburg, N, J..

Apparentl,f, perehlc:ataa ArE nade 1ndustria.lly excluuively by thn

electrochnmica.l method, - - In fhie operatlion,-sodiwm-perchlorate is tomod

by the anodic oxtﬁation -of- raocnum chloraee. ._The_eonditions: of ths oloo-_;r »_',.':

trolysis are such thei platinum hss so far been. found -to: be - the moat

suiteble ancde materisl and is, in fact, -the-only anpde material uged 4w o ..o
- mevusl cotmereial operations descrited in the litsraturs, Hovewsr, loss ‘

of platinun by elestroohsmicel sttuck snd mechanical dieintegration is &'
piznificant Ltem in nanufacturing costs, and axtensive efforts have besn
made o develop a supstitute, The Germans appsar to have soncentrated |
on ihe development of magnetite mnodes, and the Jeponesa on lesd peroxidd
ancdes us substltutes for platinum. At -the end of the war, however, tuqf

. formans wars zb411 nlni"h: ﬁlnuulu'\ anodes in thelr onl ¥ ngrg}u_grugn 'n;_-nv
(1. 6. Farbenindusiris A.G. st Bitterfeld). although mamzetite anodes were
uged in their ehiorats celils (80, 139}, The giaie of the art in Japan i
Baa ualt heen Psvanlad :

pal. ny Leen roTtnLta.

. Ne Jistad by ref. (BA), bput ig given by 011, Paint & Drug Reporier
(‘reenb::c}r. 1950-1951.
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Tha thermal production of perchiorates from chlorates appears never
to hrwve teen ceveloped cormercially, presumably for ecenomic raanons,

o AN, Lo el A 3 i $ueed
n.].uuuug,h o &_ssat denl of gtudy har haen davpted Lo the reactions invoelvad,

=N

Other methods of convarting chlorates to parchlorstes have bean
vestipated, but in conslderably less datail

Nee

Sedium percnlorate, the primary e¢liectrochemical produet, is uneunally
not marketed bezause its monohydrate, the form in which this compound
crystallizes from solution below abtigut 59°C,, is hyeroscopic and troudle-
gome to handle, The socdium salt ie nore commonly converted directly into
yU\thHqu or nnmnn‘nu I\A'ﬂn'h1 n‘hn?‘ﬂ 'Y"hnﬂﬂ B 'I‘Iﬂﬁa (“‘B\] &‘Y\ *hﬁ m&n\l‘raﬂm@
" of explosive, detonating, flaro. matchhead, prirer, pyrotechnie, and
smoke=preducing compositions, as well ag in brazing and welding fluxes,
_clomical heating compositions, and binders for briguetted coal, coke, ete.
Mizcellaneous analytical, photographic, and oharmacéutical uges alsp exlet,

Specificntiona for naximum allowabls 1mpuritiaa In commerelal per-
chlorates (117) are as follows: . _ ‘

ROL01, o NEGO

KC104 , 0.15% Fe005 .~ 0.19%

.3 U025 MR Y 0,200 e
EBr04 R N L Y . S
NaCy . 0,20 (¥my,)2801 020 -
aCly and MgCly - 0,20 ~ Molsture 0,10
Hypochlorite none _ Ash (aisou truated) 0,5
~Heballls clemants - 0,001 Motallie elements 0,04

' Tnaolublen '"~; 00 T Insolubiae L 70.10'

S The: uotassium salt {8 quoted at prauent at luﬁllb. (carload 1otu,
"~ vorke), ‘and the ammonium salt at SOé/lb (kégs. Wﬁfkl). (011, Paint and

—Drug. Reperter, July 23, 1951). L e LR L e
Be M.QELE.LMLQM@ e ~

For ?sady *ef%ronce. the prqperties of godium snd potagsium parchlor-

- ates and closely related compounds are’ reviewsd mt' this point becmuse ‘of

111 2 s ot T O S R oot S RN Y RIS O MR 0 SN Y RSP RIS | TR TR s

their hesaring on ths various processes snd operations to be discussed in
lster sactions of this report, and also to provide o basia for the experi-
uentai wevk whigh forma- ‘another part of tnls. prodect., '

L. rm.xmm;.m

4

¥n Tanta ¥ fﬁ. € ) \ ars ur-gen{;e:! anmn of the rhyainral ?‘!"\pﬂrf4ﬂ‘ (40
%,75, 1Q9 117} of sodium perchlorate, together witk those of sodium chlor-
nte from which the former 1s derived. of potassium chlorats, and of potas-
sium and ammonium pérchlorates, inte which the godium ealt 1s goveraily
converted,

L3 e R s

T A1
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PEYSICAL PROPERTIES
122,55 1065 lz25 0 13855 117,500
ubtte  wnitel  white]  vhite  white
B 'rmémpél. - cn‘o:.c? * ‘_xfhpm“oic? ! rhom'bi& : rhom'bi d/
. - cudle . eudle | owdic
specific gravity T2 2490 2.9 (188) 2320 0 L.95
Refractive index, nio 10 1.515 1.4617 Lh7h 1,482
RS T . .368 248 (109) 47k (s7)  éromin f21)
ge{ﬁipgﬂpoint, fc' 356 (101a) 255 (74) - 482 (21) 525_5355 B dpcompf?

Solubility in water  —ee 8ee Teble II and Figure I {pp. 6 |7 ) —emm

Solubllity in other solvents

see Table III and Figure II (pp. 8 ,9 ) ——-

o Em S N e G eC G Ge W EE N Ge W T Gn G4 4a ME R G mE P P Ge G 4. AF A Sm R an ee WR 68 TE IR B m @0 e . Ae

a/ Ar’whydrous- salt and monohydrate are bothhygroscopic.

YV 1 : monohydrate, which crystallizes from solution below 52.75°C., is hygroscopic;
" 1t can be completely dehydrated at 13C°C. (30). ‘

9 Crystals are optically active. An unstable trigonal form is produced when crystal-
lized from a supersaturated solution of the cuble salt or from sointlion in the

a presence of NaClOy or NazSOL. .
f This dimorphism is exhibited by perchlorates of allmli metals except Li, also by

the perchlorates of ammonium, barium, silver, and thallium (182).

e
| Complete decompoiticn occurs at L60-540°C. 4n 300 min. (57). ZElsewhere it is
ateted that NaClOr 1le stabls up to &71°C, (30). -t

f] Complete decomposition occurs at 550-580°C. {57); 25% decomposed in 65 min. at
520° and 2.3% in 65 win. at 4L, 5°C, (138).

E? S%Wlimes: bogina Lo decompose in vacuo at 150°C.; deflagrates at LO0O°C, (117).

REPRODUCED FROM
BEST AVAILABLE COPY
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‘gmmonia (120) _. |
,Ethylenediamine ; g 52.8 .
v._j"lomntha..clam‘.ne o
f,,’"th\: eneglycol v,
~hater :
';Sulfur dioxide (126)

———— T

TABLE 11:";435;;;_M;;>;;

SOLUBILI’I’Y ¥ NON-AQUEOUS soxvmrrs AT g§

Solubilitv 1n grame/lOO grang saturuted solution (Ju5)

| - (Solution dansity in pa.rentheses)
Vater S o eno (s 202 (L 0096)5? 9.98 )
Methyl slcomol . | o 33.93 (1.956i) f‘fo 105 (o, 7878)=ff}6:;i ’iqégﬁiéi”;ﬁ,'
Ethyl alcohol - 12.82 (0.8685) 0,02 (o, 7852)H7 '1€é52ai¢§7§;i5']
n-Propyl aleohol -  L.66 (0.8308)  0.010 (. ao11) ;ffj?»iﬁi;}ﬁ'J ;
‘n-Butyl slecobol - | 1.83 (0.8167) fo oous (o 8060)7 ﬁ‘\‘V t
180-Butyl alcohol - 0.78 (0.8031) 0,005 (0.7981)
Bthyl .stnte - 8.80 (0.9574 0.0015 (c.ssug)-\'»0;032"(Sfé§$f§** -
Acetone - 34.40 (1.,0732)  0.155 (0.7868) 2.21 \u.799?)
fmn, HP (L2) - - 9.6 + 2 -




PENNSYLVANIA SALT MANUFACTURING CO.  sussccy.. FIGURE 2 .
Soludbility of HaClOl in Hixtyras of Varlous
‘Kledhole with BEhyl Acetate T
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‘. In addition to the aolubi‘.!.ity data ginn. Oornec and Diek;aly (27)
. reported soms resulte on equilibrhm in the' eyltom lvamuzy-lvacl-nzo at O
. t0 100°C,, and Freeth (43):published results on equilibrium in’the sys
‘MaCl04-NapSC,~EoC at 35° and 60°C.- . Bogerth (15) reported the 80lubili
of XC10j in agueous solutions of a ‘mumber of salts; these values are plc
ted in Figure 3 (p.11), Previously; Noyes et al, { ol4) had daterminad‘ :
_ sohR4{lity of KC10y in agueuus KCl and X,80) solationa. Benrs;th“andgjo
 workers (10) studied the system XCiGy~KCI1-HoO, including measurements a
elevated temperatures. (150°-250°C. ), .:Chang and Hsieh (23) found the sol
. ubility of KC10~ and: mol, in heavy water to be 0.935 and 0,947 mol,e Te
‘pectively, per 35.51 molez of D20, “ Calzolari (20) detemined the ‘solu-
bilities of potassimn, rubidium, and eaesium chlorates and’ perchloratu
in the range 0~99°C., Van Valkenberg and McDanisls (1L41) measured the
sclubility of sodimm and potassium perchlorates in 95 to 99.85 ethyl al
coliol ‘at 20°C.; and Seward and Schumbd (122) dstermined the ‘solubility o
: ,potaseimn perchlorate 1n ethyl alcohol 1n +he prosence of “other salts,

Kayas (69) studied the separation of NaClO.; and KClO),, us
. amonnts of radioactive sodiun. salt. Four recrysta.llizati -
 reduced tho amount of sodium to a very luw vaius; tem extractions of th
evaporated salt with alcohol was less successful in romoving the uodim
salt, i

Mazsuechelll and’ P.ro (811') measured the densities of aquoous sol'ution
of certain perchlorates and showed that for sodium perchlorate, ‘the app,aront:
volume of the salt incroases with increasing concentration ’and with increase. =
ing temperature, in accord with the gemeral rule. In the low concentration .
renge (up to 0.1 molar), Jones {63) found that the lemsities of aquoous e
soluuions at 25°C, could be expreased by the equations: o

RaClOy:  d=0,9971 + 0.0768 w
KClOy ¢ d=0,9971 + 0.,0863 m

Jones (63) also measured the equivelent conductances of sodium apd
potassii perchlorate in water at 25°C. over the same concentration rangs, .
¥aClOy: 7\ = 117.48 - 87.227Vc + 92.6 ¢(1-0,2294 Ve )
KC10; ¢ /\ = 140,00 - 92.57 Ve + 149.0 ¢(1-0.2294 e ) -

The 1imiting conductance of the perchlorate ion, later confirmed by
Monlr (92), vas found to “e 67.32. In ethyl aleohol solution, Copley et

("5\ found that the ¢-nductance of sodium perchlorate conld be calecu~
3ﬂ d from the expression:

Fa - P ~ —— B
AN = 52,85 - 233 Ve
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r and Berm-(143)
nanhydroue hydrazine.

n (16,36,51,118); the freezing
‘potassium chlorates and per-
susceptibilitiss of a number
onstants of Doteseium and ammonium -
expansion and densities of potassium
1952c.;3 (5L+); and the’compression:
(17D T R

properties are to be found papers

i ~ ; 1kali metal perchlorates ylelds oxygen
“an tal” 4807 the perchlorates ere more stable than the cor-
responding chlorates, however, and requirs higher temperatures to effoct
“the decorposition. Marvin and Woolover (82) gave the following decompo-

14010, - Mh0SC.
Ca(C10y)s - Lo35°C,

" Duval’ (30) stated that NaClOy is stable up to 471°C. and begins to
decompose at that temperature, decomposition being complete at about 620°C.
Carnelly-and O'Shea (21) gave 482°C. as the meltine point of HaCl0; without
etating 4f any - decomposition occurs; Mellor (87) indicates gome decompo-
sition at this temperature.  Ishikawa and Hegisawa (57) glve L47L°C, as
the melting point of 99.82% pure N¥aCl0y and say that decomposition begins
at about 460°C., with complete decorposition in 300 minutes at 460-54L0°C,
Agreement is thus unsatisfactory and the most that can be taken from the
1it-~ature is thnt NaClO), probably melts somewhere in the range L7L_L§2e(C,
and that decomposition begins at or slightly below the nelting point. The
decomposition iemperature of NaClCy, however, is apparently well above the
melting point of NaClCq, which falls in the range 248.265°C,

Published results on the decomposition temperaturs of RKC10;, show a
3inmilar lack of agreement, but it is reasonably certain that this salt
does begin to decompose below the reported melting points. Meleod (85)
found no evidence «f decorposition at 357°C. (boiling mercury). Hary
reference texts say that RC10y begine to decompose at LOO°C, On the other
hand, Scobal (11%) roported no detectable decomposition at lyidc,, end
Fronklin and Dingwall (41) found that only 0.3% of the KC10y was decom-
posed in 56 hours at 4'4.6°C. (bolling sulfur). A%t the same temperaturs,
Tian and Svilovich (135) found 2.3% decomposiiion in 65 minutes, and

12



;zpeeit*o;?in ‘68" minnxea atﬁM20°c. Ishikawa and Haglssva (5?)
.580°C :ao:theirange 4n which omplete -decomposition occurs.. -
8 ”eingan (1&) obtainsd their bew yields of KCIOu 'by haating

B pe ;
ratio of chloride to. oxidﬁ 1n the product being about 20s 1~ other metal
_perchlgrates, when hydrated yield oxide or hxdroxide exclusively:

MgClOwszG ...._) Ng(OH)z + 2}1(:10,\L + LH0

E The thermal decomposition of the perchlorates is accelerated by a
number: of substances including the ammonium halides (44), ferric oxide (97),
carbonates (56,57), potassium hydroxide (14), copper (14), nickel (1%),
boron trioxide (12»). and nitrites (138). This topic will be discussed
in greater detail in Section C.2, page 4l.

On..dation Reactions

Sclid perchlorates are powerful oxidizing agesnts, although they are
very much less sensitive to ignition, friction, and percussion in the
presence of reducing agents then are the chlorates (117). Thus, potassium
perchlorate may be mixed with combustible materirls, to make epecial types
of fuel, with comparative safety. Ammonium perchlorate and hydrazine
perchlorate are explosive, but the other inorgenic perchlorates, according
to 1.C.C. regulations, miy be shipped as "oxidizing agenty" in peper or
plastic lined steel drume (117).

~15-
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Stettbacher (129) caleulated the heat gensrated by the ecombuptian of
4 ( . 1 kg. of various incendisry mixtures:

: ' RC10;,-A1 (dust)s 250 kg,-cal, KC109~A1 (dust)s 2330 kg.-cal. o
R10y-Mg (powder): 2429 KC103-Mg {powder): 2280 i
Kclo «P (red): 1477 x0103..P (red): 1417 p
xcxou,-c (1ampblad~k)a 1118 x"103-c uanrpmack)' 1083 - 3
KC104~S (rhombie); 705 - E0103-8 \rhomhm; 672 ~ *
Nac101+~A.1 {aust): 2751 g ' g o - SEE !

~ {Iren oxide th*mite: 972 kg.-cal )

Potauium perchlorate {a reduged by metallia A.,odiiﬁn at 980‘0. (6)r patu-

».5 sium chlorate, teing less stable, g redised at: 10000, - Potassium per-- .

chlorate da not reduced by gassous- a.mmonia below 1&30"0.. whereas the- chjor.:-
. " -

v 3R0%C. (528),

o .
SIERRET | oy e racn i e 4

~yhen bho i’dintion* is sufi‘ieien ;

,point (7). Potassium perchlorate .1
. ~gluocose 4n the _rrasence..of: pilatiniy

“'boiling eolntiem (62) “and by titan
tion (117),‘ , ) o

8- rediucad- b,—thiomltatn, (47350y—
,9& x(&?) erraus-hiydroxide-4
. A0 strongly-actd-golu~

T R S USEMY Y oo o e

Perchliorates ma\y e reduca& oathodically to chlorﬂ;des unisy -uita.'blu .
d - -ya

&& _‘i Shnis e Tne slsciy ulvm.u s concenirated pcrnmm ate moiutiona av T V,"'
low ‘temperatures ylelds ozoue (l:. '), ~
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Available'thermodynamié and thermochemical data for godium and §
potassium chlorates and perchlorates are presented in Tablea IV, V, VI. i
and VII on pages 16, i7, 18, i8, ’

R PTRIBEIRN RPOR| G TN NI L ) o 00 e e g |

: taine information on the molar heate of hydratisn and eolution of the

i § pnrchﬁorams of lithium, sodium, magnosium, calcium and barium {127): on
I ~intogral heats of solution, differentisal heats of solution, and the Bpe-
© edfie hoats of NallOs and NaCl0, solutions (24); on the integral heatd of = -

=~ ddlution of KC103 and X010y in grent diluticne at 115° and 25°C, (2): epd

i on higais of d‘\lution “of 1‘3‘&()10;+ in methyl alcohol (61). s

i
In addition to the da%a glven in these tables, the literature cone i )

i Of thase mef.hods. only the firet no.medh.e actua.lly beer‘ developer&"“ o
--on-a,.comercial scale:. - The litgratura an. au the proponed Meth ds. -hew-
evar._is rnviawn& !n thic -entinm ﬁ# tha wnﬂﬁ' o =

e m——— e
Ty

Ao g btiad D S St TR Dot 103 et i it
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| . DABIE VI |
| ACTIVITY CONFFICTENTS

Y at 250 (64) Y& e

Molality Faf104 - NaCloy  WaClOy
0.0l - - o0.,0433 0.0432 0,0
0,02 . ©.0588 .0588
Y - L0865 - .0857 -
0.1 - J129 116
0.2 - L1482 1429
0.3 et .78 L6k
0.3 0.667  .2066 1936
b 047 e .2330 . .21,
1.0 629 2650 .2393
2.0 .608 ' - T .
4,0 627 - -
6.0 675 - -
6.5 691 S -
L
TABLE VII

OXIDATION POTENTIALS (76)

"1-00
-0017

C105 + Hp0 = C10} + 2 HY + 2e x°
€105 +2 OH = C1Cf, + HaO + 2e g
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‘1, Zisctrochenical Oxidation sf Ferchloraiss

a. Historical Ueveiopmeni 9f ieilod

Apparently perchlorate was first produced electrolytically by
Stadlon, in 1816 (147) ~ at about this time, or shortly after, this ssme
investigator discovered perchloric acid by ‘eacting sodlum chlorate with
concentrated sulfuric acid., (Rediewors hiave occasionally given the credit

to Kolbe wlip pudbliehed motie oiuorvations on the process in 1847). Betwwn ) \'__f_ _'
- the discovery of ‘the ‘elagtrolytic method and the beginning of sommercial’ .-

pf’oduct fon __1n Bwe

P

e 4 TR b, i ) S D

A-H-.

i’!-'-ls%' there &Pmm $0-be 1ittle in th nequtm.” o

'3,1,ta'Lr__ :
A’hnfﬂmfl ] j_g -u-M?va ,_n aﬂ-or).

< In tha s elcesrcuysie of roﬂ'.s-; '*Hntelef obser*aa ma.,.i-n.m cﬁrr--\f ef—-

* ficlency e} the start of the yrocess. With ¥aCl0,, however, using mdre:

congentratpd sclutions, maximum current efficiency (595$) wiis not:attained

until elastrolysis had progasded for some hours (96, 1&7). - ''fne effiniency

has been |phown oy aavaeral 1nwah1g~atorn to remain at a high 1eve1 unt41l &

b Al aienba e asen

~-ma‘;\.m l.nn b \n-g-, uvrrr i ens U-n;uavuv unu wwv.u ua\.:..x&z.wu. tum. vt.wu o J.&l.-l.

OII ra.p:.o..;:, H&Ttﬂ GlK’ f"BU«LF ESL&I‘ '.ne 'Jver"ﬂ.'..l. QI K|Veragss e..l.’lczahc;{ anq' De
as low as B5% (1,146), To overcome this, ihe addition of more NaCl0- to

the electrolyte, as the electiolysis progreasses, has been muggested {29,194, 198),

-10-
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TASLE VIIT

ISTORIZAL DEVELOPMENT OF THE ELEUTROCHEMIZAL &

~Ancee . Cathade . E Temperature
5100 - S‘ woln. ! Tl TPE L s .0 0 No reluction st Low temp. (17-20°€.).
HaClO, 5 up b, 50, eoln. . . 3 - ", Pt, Pb, Cu, Za, or Yery much Setter than
0urreat y!eid-,lncrensed . S . . N1 »t high Z.D. but high temp. {75°C.).
- with ‘iriereasing eLcetro— RN . . rapld rediciinn 22 Intermc2iate toups.
Lyte oonen.: B Ceee - Faoand Ca, ware £i5T inveatigated.

Sheuld be belnw ransm

. . PY : B
"{Platinized Pt e

X ; L4 ' tzmp., Posr yilelde ab-
“Made;iresults;ac 208 unsuitable) - ) ‘ talned at.50-60°C. No
» 's0oin; @

fave” 1owver t : K K ) 7x1dat1on obeerved nt
‘ . : 100°C. (At bniling
poiat, cathndic reductinn

2 ] . occurrsd),
CIO1 ldIhs. Pt (glowed) Platinlred Ft [one Lov temn, vrve heat re-
e/0f NaaCra0y "9 x L cm, sheonta. aided ahzetal ons on suits. Nn perchinrate
(2 8. /13) 'llainntOI sath~ Platinired Pt elther alde nf anode. formed at PO°C.; Llnter-
'odio ﬁoduction ' . gave very wuch mediste tempe, not
B S lower ylelds) o ntudled.
“"RaC10, - 60 _to 70% soln, 3mnoth Pt Te Undar 10°C.
. D High overvoltame B
. [ET v ~ #gid tn minimire
R U . OH~ ‘discharge
—»lClﬁB uolutions - - 27¢C.
3111111011920 . ‘RaCIOQ - 600 to 700 ¢./1. Pt. Fe Inttially ahout 20°C,
(146) (?evievlng ) (gredually rises to
comm, prnvtico) : ) . h5-50°C.). Willlama
K ; ' ’ nwn vk ehowed current
eff, dnee not fpll off
ranidly up to £0°C,
The higher temps. give
batter current ylelds:
Factinr average 3.3
Willimma at &42° 2,
Wiilisme st 53° 2.0
Knibbe et 21./1920 Chlorate snlutione show - - Conductivity increagen
(72} BAX. conducttvlty ot with temn. Diacusaes
550-600 g./1.; prrcu*ﬂrate effect A2f temp, 2n concn.
golna. at 5nn g./1. Con- end dlrcharge of OH, CY~
Quctlvity falls of? sbove C10” and nn other praaidle
this cnnen, rnode repcotinna.,
2l ot al./1921 KC104 mnlutinne - 50 g./1 . Ft. N1 sb-270
(1h Current yleld decreaned
marvodly ar temn, In-
repapld pdave 20°C, when
!ﬁv 7.0, e ured {12 saus./
dm‘:
— >
Thrharat (Pat. .}/ Bacl0q - N0 g./1 At etart Ft Fe Lo-soer,
{(194) 1922 E2$107 1a sdded o iitnuoualy
gen slictralysls nrorseda, noy
sllowing 1T to drnp belov
150 ¢./1. until %aCl Yy 1a
1990 z./1.
Dflﬁv*“"“/19ig Snlution Kept saturatcu witn - ned, or lower
(o} ¥aClOy -
L IEEL TR TE"JH- sT' TRy T T - - i




(Temperatumes .

- purrpn{‘DenqityiAn.’;

R T
L~v tamp. (19-20%€.),
Very much better’ hhan'
high temp.: [759C.).
Intermedigte temps

Obtsined. up t4:98%
“yleld aver 22:hirs, In.
. electrolyaing a 50%

A~ <o’ 1676} amph/am? - 15

Neutrel ar aecld:
In alk, nolutlon. ;
oxidaticn’ of- c‘xlq'
[ ommirs only stith

vers not inveetig,ted -moln, ntzn C.D. er B.3 - . begianing.
nvostlgstod 1 ﬁ lr ‘Neutral | A 6v vlth (ClO-.
&c.p. Paor vlolda nb- mpa . /dms ; Xipld i L L l=bisy \*i.'!n
talned at .50-60°C ‘!lo : rerses v.th lneraul- PR o Mag18y
>x18r 2150 obeerved AL ng.C.D. : CoUT
N eladd off &j(At Yiildng S :
mmt,{ ;‘
. S LYo esdentlal,r o
-~ Non-alkaelins con- - : P i - '
. ditions A : ;
5 : ; S ;
Uneu Z %00 -n:pu /am< Inereraning: aixaiin- A mimimun anode .mc-.-n' T noruaee
ulte.? Nn p»rchﬂorate 5 J2f .D. e ‘high: enough, ity decrranen current potentlal ie " N fiectrol;th eon~‘
‘areed ©4009C, ;% Lntera" ‘chlorato dnnen.. must yielda, necepsary i . e
‘~dlste temps . n 3¢ 4 ifal] below a very low LOe etated) . L Current ylel s--'a-“=2
‘tudled, ; ' value hefore current c e tew R lover at start
o Ljyield: e nppreclably ;thon loter ln procea1.<f
’ iaffected.’ . -2 ) . . - A \ D
nder 10°C, -8 amna./aAme x Slightly acld 5.5 ~7v
. * % ek : .Cury-ent. grr nverugsa
: 3 oy - Bsg -
N S 1.Xg ﬁai.n‘)l requlrel
SR E AT TR £ 2.5,
27°C. ;MIS amps./dm{'é - - -
inttially ahnut 20°C. ) Inétlnlly he. 50 amps./ Should not be alka- Yoltuge increases gpeara only oftnr
g~edually . risea to < \Rﬂaduo}‘y falls to line, but there s as electrolysies - Na61 concn._?él\=~
35-50°C.). Williame °0 smps./dm uo adventags %0 proceeds. helow 10 2./, AV
~wn wark ehowed current ! acldifying except at current eff. ‘is BS
+ff. @nsg not a1l off i higher temps, bettsr. During elec—
~anldly up to 60°C. trolysie NaCl lulpio-
he higher temps. give _duced and there e &n
atter current ylelds: _equiltdrium value for
Factnr average 2 f each temp, (2,3 /'3/1 a
Willlamm at L2o 3 a1° to L.7 g /1. at 59°) -
¥illinme 8t S57° 7 0
Sondpctivity increasen - Acidity needed to - Total resiatance of,
sith temn., Discusnen reduna loss or verchlarates asll: 18"
2ffmct AT temp. on cancr.. eurrent thru OH~ much higher at end than
~nd disrcharge Af CH, C1°, and C1~ Jlacherre, at beginning of elec-
7107 and nn othsy npasaible trolyels although slcc~
~%Y= ropetione, troiyte Tealntance may
. be the sase. . -
15 ampn./dn¢ Tanode & - 7.5%-3.5 KC1hy, cruatse aneden

Sleld dgerapned

pren with hish elsntro.

urpent cathodal) current yleld
AL X L ANSIEE R LT U § mounted with lnoresse lyte velsclitlies.
srepRed foowe 2000 when in cathode C.D. while o
M:‘"..n. tn uaed {10 .aue./ 4 change in annde 2.0,
1w hed 1ittle offect.
holsoeg, 7% ampn./asd — - SUrTrent ATI. w» Fe®
1 Rg-NaC10y requlves
1,0 XWH
Pt lces = 2 my, /Xs-K010y
'\"’! ar 10\\7@? High G . not ezaentisi - - -

¥ mpecial aell 1la ene-

aonling.

Ployed {vary ranld oirou-
‘«ttnr pres«me,
- T LSV, Te prn-

’;Al/j




~-&re-used, tut that the effect was mick less noticeable at Bigher current R
siiiiion {eig., 15 emps/sa.om.)s At A5-50 amps/oq.dm,, ¥illlems (T46) - T
- found no adverae effect on current efficlenc : ' ;
..the better_ nower. yields

i
1
Tampernture

The earlier investigators 4insisted on low tenperatures, preferabiy i
below room temperature, for best results. Above 60°C,, current vields i E
are low (39,147), and at 80-100°C. theve is no perchlorate formation (96,147). !
Blau and Weingand (14) showed thet the current efficiency is markedly re-
duced by increasing temperature 4f low current densities (2.g., 10 ampa/sqg.dn,) - 3

¥y up to 60°0. and; becavas of -
gty ver yiells, preferrsd o work at.the higher temperawwrsss- . .
~Present practice 16 to une temperatures In the range 40-559,  Sume cooling
L8 therefors necessary and this-is accomplisled by weins externsl Jugl
(199)-or- internal eoils 6F chanbers (1,49) Tor coolARg water
veterzcooled savhodes (150,199, T

. Bigher current

_ghlorate in the slsctrniyt

. 1t wes recognized early in the study-of ‘the slestrolytiv oxidation

of shlsratd tiel-curredt-yickds inproved with 1nGréasing current danaity,
-densitiss are gald to minismize ths adverme-effectsof - -~ -

operdtlion et higher tempsratures(14,146), of the gradis! depletlonof 1T o

{36}, sad of competing enode resstiony 72y, .

o - -
- STLIRIFVE (6
o
such as 3
e

0105 '—p 108 ¢ o
2 G105 +-Fgd ——s 2HC10, + 0

1o e i i, LS ) o b it s o o
xi ) ;
. . .

-1~
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In German 4ndusirial produciion up fo 1929, the anoie current density wasx

sald (140) never to be under 30 amps/sq.dm., with 40.-70 ampe/sg.dm. the:

ugunl range. The corresponding cathode current denalty wee 10-20 ampe/sq.dm,
The mos: modern Gevman calls used 30 amps/sq.dm. at the ansde (80,139).

In Zngiand, in 1912, & curreni density of 8 emps/eq.dm. vme employed com-
mercially (1) by 1920, it had been etepped up to an' initial 45-50 amps/eq.dm,,
leveling off to about 30 amps/eq dm. aa the cell resistance increased (148},
Modern U.S, cells also operate with a high current, density (over 30 ampaf

8q. dm.).

Winteler (1h7) showed thel- some reduction of chlorate occurred 1f .
3 purrent. denally fell halow. 2 ampdsisg.dn. -

0 ot Il B e 2

e - B Wl it

sm'\' 'R‘lnﬁ a‘ﬁ Wﬁ%ﬁﬁahﬁ L

fo\m‘d; ‘the current yields meunted with 1ncmasing enthods current den.-

o 7sitva' In moat commereial cells for walch valuss sre: P{ven.4tha cathoéh
_-current denuity is smaller'than the. anoee current denslty.j

S by a,ctive o:.yg_.en ‘Tormed aﬂ‘, the a:node n-the ‘begle 6F- f.hsir em.iariments

. whieh indisated that chlorate.could be oxidized with parsulfivis acld, %'- o
-’~-~o:one, “hydrogen percx&ﬂr., aud - *-'wifn An t.ha prouencc of ultraviolet ‘.Hshs. Lot
- They sleg srgued-ihat pergl L..ere.te,u i
_ fA¥ tEiow thad

ad mt-bhe micde -t = "nten*lﬁx’”"‘““
ous” diﬂﬂ}mrga of. any {on present

gngnqmw f'm' the pontinng

in the solution,

Xnitbs snd ";.lfz-muan {72} @18 not conatdor Eémett and Mask's proof
of direct chemical exidntion hy reagents, aunur than peresulfuric peid,
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sufficlently coenclusive to muPport their theory, nor dld Xnibbs and 3

{ Palfrseman belleve that the Aormett and Maalk theory satisfactorily ex- 3

i
5
&
I
=

plained the ¢ffect of alkalinity on efficlency. Xnibbe and Palfrasman
supported Oscheli on the prineiple of chlorate lon discharge, but pro=
Posed a different mochanlsn, similar to persulfate formation, for ths
reactions thmi Follow: : : :

T Gp0l0ie e s 0 GG (TR Gy) ’

Western Electrochsmizal 0o, (
611495 -and the Ti—G;
mﬁﬁﬁi‘iﬁ._iﬁ_: ‘

By - wig e e A_“. . Bt Sl Rodaddc N
—-alegtPochemleni-operations
- - procesded for. many years,:

- ., &ated hag been-adopted. commercislly inticates that .t
e oompared to plati,m;‘_,pﬂther..-.s.ii-t’a;g;hjemieepl regletance o

L trieel propertisa, " Prejumably aome of them ecould be uged if owr mupply

Loiine of plabimm ehewld fadl,c . - o oo oo o0 USSR A our s e

Tha dhinnsst posuible platinum siheeis conslatent with strength and
rigidity appear to be mendatory to keep the investment at & minimunm, '
Wentarn Electrochamical vaed 0,15 mm, (0.005%) sheet with no othar wupport . )
than thay offsred by glana gulde rcds, ¥, f, Forben. umed 0,08 mm, {0,002") P
) S BB8EY Ful inickensd the wpper macgin feontner adre) te 0.1 mal ovor o dopih :
{.‘ of & wa. and stiffened the edres with U725 mn. plntinum wire,
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taining & small quantity of gold, irldium, rhodiwum,

Varicus mebhods have been suegested to reduce the bulk of platinum
snuireds: )

—

ol B m s tdan A® O wanlist

Tommza and coworkers (145), siudyine the propsriias of Q vavis
of plavimuwn and 15 kinds of platinume alloy in the e]vczxupuem‘~m¢ oxida~

tion of ammonium sulfate to persuifate, found thet pLazmnum alloys con~’
tc.ishoweé almoat

Ul

2a-=
v AT
-

the eame oxygen ove*voltage as pure platinum.

Liehlmecht (190) proposed a.noaes ‘made of “thin platinum foll or Agéﬁze,,

rr;wiﬁh reinforeing frames of . metallie zine, for. the electrolytic productlon;
parbarates anﬁ“ﬂthar Mpex™” salte. :' ;& -:3,,,; _ ‘ . e

i
il & ol e AR AL ORANY O b

sl

o Aﬂolph'and B“eunchgst‘\*96) dlscioaed‘ns anodss, suit’ble for the i:‘“‘
Aoductiﬁh of Mpsrh- “eompounde, & “compoeite structuré compriBing e gore of
“materi al~(su¢h 88 '8 -LOPPEX rod)- cﬁvered by:a sheathrvffnon-;*:

g 8 har fﬁbber),“"

- T TEREETIRNN whed a

: Mtiatly 4] 0, pre al
“wad canrieﬁ,by tha plaxinnm.‘f*ﬁbward (53) PepErted- tryi
_mebals and BOuWe 9% uhe ravsr nsunl.’aa_anau:'—an“tnr-.,

'A'fh-y allvao:rodeﬂ ver ayidly, ,w,,mAww;Aw

~ Gorrosion resistant uﬁ;uas ‘have alsc béen & problem in the slagtro- |
precipitation of copper from aoid copper sulfate solutions’ containing
nitric and throchloric acids, ;U.S. Patent 2,705,133 (197) diwloges en

Tingoluble" nnode of lead a]lovad with 9-18p antinony and 0 )ml 5% silvars

e

~31-
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0.2-1.5% srsenic may alsc be pregent., Anodes of thils type are used by
the Chile Expioration Company. British Patent 212,871 (151), also as-
sisned to the Chile leplorat.‘tc-n Company, clains that electrodes of the
folicving w..,,cm.“on are resistant to anodlc disintegration: Cu= 60-65%,
Hi= g.)~9? 5, Fe= 7-9‘, , Pb=1.,9-2.5%, Ba=. l—d/o. Such electrodes sre
activated before use, to reduce thelr operating voltage, by ueing them for
20-30 hours ia a csll contalnlng weak acld copper sulfate solution, Fink
and Eldridge (37) rgport s corrosion resigtant alloy of lesd containing
10.«: thalltum and 20%

sopper deposlited as compared with 65 lbs. for ordinary lead, In a later -

paper, Fink anu’ Conard (38) deseribe the electrodaposition of lead-thellium
. ,e.uoyg. _which axre. anong the mosat insolub‘le afL;Leye }mmm. from a perchlamto

~baih- OI Tl!"ﬁ o mawu.s. ~“"H'l 'U.BG" the-. .LQ&QPELLLOY 8.'[100.!’3 OBOOFHB "QE-'E'S” wnn

& layer of. lend diozide. (See diecuasmn of lem iodde a.ncdes. below)‘; ;

ting thie g]_'iny gave A loss_of 1,2. lbﬁelloo lb89~~0.f e e

EUVPIGRTPRENT Y VL YT

- ung “as eleatrod&s, U S. PatOnt" 882 169 (1?6) proposea nbﬂ;
. femginnun coftonitions o6f: 6i1%con With: anoﬁher Aubstance mirh a8 car‘bog;

=TT - GOppeL y - WhiGH OG- BubEtance iy Moap FEULE per 8@ ol résisiling.

" by chlorins and-chlorous compoumide.”  'These elsciroles are made by .-
"aﬂloying" ‘the other substance with 10-2,;% silicon. - Ruesion Patent 69, ?GO

a \.I.OJI claims the use of silicon cervide or SiC=coated carbon sisetrodsy

in flsce oprlart,inum for the elactrolitic production of perchloraies and

-2
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persulfates, On the cther hand, Howard (53) atates that carborundum end

high~silicon alloys are "valueless" as anode materials in perchlorate
formation,

U.5. Petent 546,328 (164) propcses the use of ferrosilicon, contain-

ing not less than 10 silicon, as anode material for a variety of electro-

chemical proceseses including the electrolytlc decompositlion of halogen

. salls The ancds ray be caet solld, or applied as a coating on cardon,
or 1nco;purated in a plastic substance such as paraffin, U,.S. Patent 1,311,096

(189). desorives opldation-resistant enodes of silicon-iron for use in the .
électrodepoaitioﬂ of metals from acid solution,  The composition showld

contain 12-20% 51 (preferadly 14-15% 81); Af too 1little silicon is present, -

theré 1s inot- gufficient resistance to oxidation snd 1T too mieh ellieon ig

TWITAN

TRLAV

| t16 and have & HiEN elepctrieal resistaricé, =
- There is no indication in-either of -these patents ‘that- @er oullieon wsuli

" be- auitable_for chlorate oxidntion.  Sillcon alloys-inigeneral, however

i e el s T2 Dl 3

e,

e T A

- 4 £ iron. (% a5
!nr_thsfelegtysl" &0 haiogen salts
1ng noiubilxties for n nral magnetite‘
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U.S. Patont 568,229 (165) covera the use of a condunetive oxide of
iron, such as magnetite or “black-slag®, as electrods material for aking
i soditm hypochlorite. Such eiec’r,rodes are claimed to be generally ap-
plicable under powernu. oxidizing conditions.

N
-

MacMullin (80) reports that megnetite electrodes were in use in
I. G. Farbenis Bitterfeld chlorate plant, where each ceil contained 28
steel c¢athodes and 144 magnetite anoden., Magnetite replaced graphite.
because consumption of the latter was higher at the high surrent d.enaitieu
and high temperaturse ussd;  grephite,. however, Zives a lowsr call volisge
.(3.27. egainnt 346w, for: magnetite). - Wantel (81) states that. mgnatuo .

ports tna_t I G0 Fa-rnen rep:tesqntativen cl‘ !

:,?rench’ :[atent 70&,325 c152 ) .;_t];"é“ t it

) lv\-. - ga- AN «aﬁn\s\d"t
)

lire betisr’than magnstite for' chlorate produation but that T

. N N h '
QS S T S O MR BB M TwT: 0 W i enom s
l LeswAE o e

O b b 2w i 6

0l s et RSB NG £ T 5

e s s b it il
. e

¢ J;ted AT an nlntric fu'cnacr an&'mt—m B e;'uphiﬂ’mil, g
- Atmison ii_‘;?i._meueq. Fegnaiite iR

) nhlnh ggr"d_ g ona alectroada of an ealsstrio. -wp fr"-p.‘

m&to wan. fod in-and malted, the- oentral_,electrods wes withdrawn gn.d-

TwATIw vweat Eha WAl e - 4qiini ’ n-- o un’ Bl mmncbdkm md
ﬁ" WMkl VMG e iedls ““. “A‘n“' 9‘ WS W L %Mv‘ﬁc FRra"Y

' cc«mu be withdrawn., In this way, eloctroden moe.uurl.nc 3.8 2 25.4 em,
veris produced.  U.S. Patent 1,226,121 (184) describes a method of casta

fiial fe L R

d_ ¥ ing hollow magnetite slectrodes whiuh comprises meiting megnetite in en
=
il 34—

A pe"dér-‘d;«w R ——




TR R T

= e

- -0 ATG-IUrRacey- wsuua Antoe. mo.l.u.l‘r"ano. noo.t.}ng 'nneur 1n an‘ma;.‘mg
- furnece at 700% for 2.3 hours. . o

._ rauiajzame to- co:::uizm atwléast‘elecerndn ware improve

electric furnace nf the airect arc type, pourins the molten magnetite at
1590°C. intn a 2-piece, hinged and clamred, sray cast-iron mold henisd
te about 350°C,, allowing the mold to stand undisturbad for sbout one
zimabe Vo parmlt a shell of -solld sumetile Yw form in eontact with the
mold surfade, invertine the mold to ejeat the masmetite that 1g atill
molten, atitipping off the mold st ILJ_OO-T.?_OO‘G., and slowly annesling the
re:m‘lting hollow elsetrode bty burying it in powdered insulating material.
Thompson and Atchisen (137) found that annealing immroved the strength
of eant elestrodes but onuged pitting and logs of crysialline siruaturs,
.In the discvaainn following the lasiwnamed paper, FiteGerald (MtzGerald
Laboratories, Niagara Falls) reported that he had made strong uaghetite

. electrodes rhaaming 12 x 150 x 300 om. 'by' fusing the mineral -in a raﬂ.ia-f ., v

FR mm e Bunide ~a o d

S

&

RE N L A

- Thompaon-and Atehtion. (137)- found. that-the ibrengt}f, 46 Ao

‘ ution of: about -5%- 01 Xia6 - in: 3
L 2

s t
" If the core-is firgt pickled,:

-:‘;uutnngth {n obtained. ’by‘usims- -8 perforated

and-wit ﬂraw:.ng

qmdoicunlrr‘“

‘no eclean’ ¢leayage ‘betwein the aore and th go ng : Q‘bur"”h

- for the E‘egﬁu eoating. | Atinealing i recommended to toughon the soal
It im smpkssized thst the core should be aslected to h&n marly tho mna
ec!'ieient of “thermali !:;Dm!dion e matitn,
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Fedotiew (35) reported the produetion of insoluble 1ren oxide elec-
trodes by pertially oxidizing Y-cm, dlameter rods of commercial (not
alectrolytir) iron. Best resulte wire obtalned with air and steem at
1000-1100°C,, under which conditions & smscth continuous surface wms
ohtained.  Raseyama and Naka found they could not produce firmly adher-
ing Fe-0 comtinga on iron by heating iron rods in an atmosphere of
oxycen (26) ur by heating iron plates in uontaht with Hn02 or Mh02-5102
mixtures (65 ). ,

In Japaneea Patent 38,818 (15Q). a tubnlar electrode ie made of &

- fused mixture of iron oxide and clay; the inner surfage is then plated

with nnnpar.“ After f1114ng tha hollow tube with a Dnate af Dawderid

LR L 4 i N A th n A S A - O S -

~ earbon- and coal tar, thz e?ectrode ia burned in a furnace, - - -

P

e Germa.n Patent 193 i3
electmpl‘ting the hm

R L POSWERW T T P b e

I ] RPN T

'\&modes’ haw baen prcpaaed for *he e'lectrodeposition

.. 1oe |
i of zine. (180 181) and eopper-(181) from acid. solutiom and gold a.nd
. nilver (1687 ft'ﬂm oyarids nolutiom. S S S

¢

Hizuguch'ﬁ (91) has Feported the utn;ty of 1sad dio:d.dn anodu n - S
 the electrslytie oxl dntiun of. nhrmnic- -aulfate to phr‘cjaﬂ_h _u_gy L R T Y L

T ._..7 .




e

' proposed that the chromle sulfats is oxidlzed chemically by surface action
i and that the lead sulfate which results is reoxidized elsctrolyticallys

B e e T T

L I S TE e

gurfacs action
| / : N
"Ha0 + 0rp(S04)3 + 3 Fb0p 3 PhSOy, + HpCrp0yp

\ /-

élactrolyt ie oxidstion

e,

e e gy S

In n'p.pporfu of this ms ‘l,anism. it 1e pointed out that the curreat afﬂc!.ency
1s zpro with e platinmn olectroda,  Addition of hyqqfofluoric acld reducss

:;vbz' s\lppmuing t\p.e surface rtaacuon. T i -

< In- the- alaﬂrolytic oxldation o;‘ mt'atg to pﬁéﬁ‘iﬁlt’i
the othar haad, ° Hh'uguch!. 490) Found that he"e.ddi.'
Lols “BIreEly high-

ol h k. solu 1on -of- sodium: chlnra.c Bt 5%C 7
T dalng'e p otential ot b, 9 volts;and ‘a-ctrrent - density of -12-ampa/dn, 2 :
- Kato and Koimi (67) found that the totsl current effisiemey, fro begu. S
~ ning.to eid, was B1% for platimim and 584 for e PbUn ancde. It is foo‘bnmgﬂ
S . 13 givé_ kot wnile dnTeality a higher mrrént fenslty snd comdee . oo
- .. 4quently s higher voltags is »oquired by a platinum anode, the watt conlttption
- " "necensary for the preparation ¢f the same amount of XaClOy ig nearly equal ¥
T ~for platimm end lend dSoxide (1.00 ¢6 1.02). Xitahera snd Ohsuga (70) . =~ i%
- found that the current effieisncy in the cxldation of ¢hlérais with a 1“1:02 - g

) l{,—f} ,,,,,,,,,,, [
L :
E i
P - i
37— 2
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snode could be increased from 41% to 70% by the addition of sodium fluo-
ride to the electrolyte. Sugino and Yarashite (134) confirmed earlier
results on the electrolytic conversion of chlorate to perchlorate -w1lth
a Fb0, anode, and slso studied the preparation of Na.ClOu_ directly from
NaCl in two steps by aclifidying the solution first with HC1 for 1\!30103
production and then edding sodium flunrida. The beat yvield was ¥8,5%

with e current efficiency of £2-63%. _ i

ettt S M O VB N R

pr T 1l di'oxi,dg anodea reported in the literature have been made in
the following ways! i

As anode for the electrcleposition of zime (179), lead dioxide 1is

packed into ei sarthenwsje sjeath provided with holes o expsse .the -
. ‘dloxide to the molution. . For the electrometallurgy of gold and ellver, .
1,8, BPatent 872 878.0175) erplowe a canvas sack sewed irto a pluraldby.. .© - o
of vertioal compartmenti and packed with gremilar Fbl, :

The.-JAterature: doss not:

. W e A AT R v T ,gaf
- battery type would be sultable o

. _ productisn- studiey by electrolysine an alialine solution of lead tartrate

" with 10 liters of & solution comtaining 50-100 g.-4f scdiunm hydroxide and ... - .

r chlof'at

suodes for Ehily percilivate

7 imgel and Mellquist. () produced Fi0s

A typioal solutiol is Gade by poiling k00-500 g. of fimsly grewnd-litharge -

A a7 c - N — - T tiil L =
. - : [

| e M
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J00 g, of Rochelle salt (192).  From such a solutlion, PbOy:FpO in gatd
to plate out ag a hard, dense, black, lustrous coating on irem, atasl
or copper sheets that had previously been 1ligh 1y eleciroplated with golad,
The deposit was somewhat laminated at the edges, for which reasgn they
were protected by a conting of Ebonit,. ltound electrodes, of course,
obviated ths nged of such coatings, These investicators found no ercsion
or erack formetion during chlorate oxidetion at 20 amps/8q.am,, and mo

- failures that eculd not be attributed to the presences of Jorelgn particlas

. én.the bage plate.  Current densit les above.20 ampe/dm, 2 damaped the -
- lectrodes. - | ' T

'n the aleetmadar:ens
1‘!1__;1.'-119_91‘»#..,..:.

N b bl et 3¢ Sl WA

ey

el
- it oy rousposition of “lend “Uiox1dM T¥
.. free nltric meid s formed. and. thi nebd 4

~?I“; gt S - &

-As.reducp

nltrocen

 solublon,

=

v following condlitions for producing ghod ™0,

ential of -10-volts: gave a- somphct

"The Yend dioxide anodes so chtainea i

°: 91 045 volbe in NaOH soiution at 2300, .. The slng
sbout 1/10 that of mereury.  fhes anodes:

- duntive

- - —— - . - - i ST T e B i o B - - °
oo fadiy For ke electralytie product lon. bf_EQ.d&um;;:grchl:}xg, Sy
- N T . - T T — I BTN e s

-, Japanese Patent 175,186 (162)-aksetoscs that the prosense-of .
<= igng ik the lead salt golution used
deposition of lead at the ecathede,

Yo deposit PHO, prevents branch-14lm
| Sugino and Shibazs:kti (131) give the
anodeg by the electrolvaia
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) of lsad nitrate solutions: (a) maintain the g 1on coneentration below

0,258, (b) maintain the current density within a narrow range correspond~

ing to the hath temperaturs, snd {n) add mlumimm nitrate to the lead

nitrate in a mol-ratlo of 0.2 to 1 to prevent the dendritic growth of lead

crystals at the cathoda and to make the PbOs deposit wniform and eormpact.

Ths addition of 3-10% sodium chlorate ia sald to produce the game sffect, -

-The dendritic growth of lend arystale may alaoc be suppressed by the addi- - :
* . tion of l-3% copper nitrat= wh* ¢h also decreasas lead nitrate cons\mption T, , : o

by hadf (131), L o o ST :

st e 4 U A 0 TN A B

v,
>

Eita,lm.r&__nnd O)m:ga (70) prepared their electrodes by dapositing P‘boz &

) rm a ﬂnnﬁnn n'l" h‘ln!m'l lm- i rm‘i ﬂ‘lnn Wridh woa mmnnnn-hﬂw Ginsnlwal "

———————— WLl § WM T R L L

“and Kiteliare, (68) deposited F P'nbz on-the .
_.»nickel»cylind!m from n-solutdor of 110;6. nite aing .o

. amm iﬁ:fgguts “interssting possis
oy work_on-thels praperation and thelr..
TIETTE '»-par:‘omanzw 1}1 p@ .u.r(u&.w yl‘od cucn is :.ndicatéd. IS T R R BT —

r !
i
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2> “Thermel Dacomposition of ghigrates
2. Hlgtorieal Beckground 1

Tha thermal "gelf-oxidation® of potassiwum chlorate wes firsi observed
by Serullas in 1831, about i5 yeers after the discovery of the electrolytie
- oxidation method. By heating molten potassium chlorate until oxygen
—avelution ceased, during whick operation the fluld becema thick and pasty,-
_Serulimm obtained 44¥ petassium perchlorate. Liebig confirmed these
- results by heatirg potaassium chlorate until ore-half the avallable oXygeh: | R
e WaN evolvad; under thele conditions 45% potanatum perchlorate was recovered. IR A B
T?,"ff'“.‘*“w——ﬂulon. A 1643 i réaégmz'm ThRt Vleldi“ﬁf percnlcsrute B us_wsreu Py e g

9

Lalontiu o Thidat it B i

~to héve“ 'O’bserved cryetala ot KO‘L
& the “gonalukien” ‘thatthe: xemu Zb
on' ong 'heatine:.'

ﬁalned 'by heating KC10 ré‘?

B K - o A I o r . - S < plé K ] ;
-In- the fivst stage, ! whish 5% 6% thé total o:yqen h*Iﬂm
‘ ehe e.mmmt of thasnium perchlorate increaees ‘to 65% wWith 12~

S - pregent. In the third step, the perchiorate formed: éacompoeee “into potes= - =
) 21 - _alum chloride and oxysen, = He congluded that-ssveral’ equat.iaﬁa vould have: - — T
C.oc 0T 7.7 to be uged to express the oourss af the dscompcsition and proposed t).m e S
following for the beginning of the decompasition: :

6 KC109 ——p 4XC10y + ZEOL ¢ Op

e 1 e i m e ot s

11, i




_ _ . ‘ —' ' 22K0103 — 11&!(:10# + BKCI - 502 - _

E]
3
F
2
*
+
5
3

This equation is pProbabdly intended to cove} soughly the first two stages
mentiored above, since it represents the lsoee of about ‘15 oxygen., Howe

evar, thia equatinn indleates o ;Lulu of 75 g. FC*OQ per 100 g, KCIO .
rather than the £5% reported.

R

Teed (135) reported that the remction could be expressed by any of
Beveral vqustions between thegs 1im1ts.

- R AL il e w101

202010y ~—y 6RC10, % b1 + 30, | NN

..-m-Lmvr'e”qu“Tﬁ repres aent.u “the “esul 5 Obtaihé a by the most c!ref‘ul
F"am‘md:,“d Dingwall (41) proposed the oq'uaf,i“ AR

- dovorponivion-of-XoL
the ‘Teated reastisn: nixturay

I _accelardted b
-Later Farker and: :4'1:1; ,

Md not - catalyze the daeomposition uf. xcleu ~»¢uef=

v ‘—‘*hakb-;svc Principlss propomsd by Sodean s.nd'
aa explaining the reactions which oecour. when Potaseium chlorsts” 18 heated,
The thermal deeompoaition of parchlorate however, ‘a8 a contributinp i’gcﬁar
o t.he ine ﬁciam-v nf ")" reastion has not- ‘veen diBproved, .

Sccfnm ars pHiii accaptad

o4 i
!
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siiion

the thermnl drampesition of chloratea

has been done with potaseium chiorate.

tatled study ¢

£ sodium chloraete,

In the aksence

sf similerly de-

the work on the ﬂotassiun salt is reviewed

because the two salis ere renerally alike in vehavior.

in:the ranze 356--368°C,

Potaseium chlorata melts, without decomponiticn,

tha chitrate begins

A%t & somewhat

" to decompose.
-~“that is, 8° an

higher temperature,
Perez (10la) gives 36h°c.

ove_the melting point he reports,

certainly below L400%,

as the decompusition temperature,
It is penerally agreed

anaous;y and 1ndependent1y at 1

.

7"that two reactlons occur siml east abovs

t
H

R e e L 20 A

T L

: ,_~' oﬁﬁéﬁnl ‘Mﬁfﬁiﬁfﬁﬁ
32) say that pwro_xolﬁyAbsgxnn to- dacoﬁpqse_iﬁarplyv“ 510907,
decomporition at Ml° {I38) has been reported, Tian and Svil
i”isgﬁ;that_iui Feaction is 204,95 pomlete .in 65 mirutes: L 52090, - Iﬂhikuma o
- ognd Hegliawa (56,57) ohaer ved complete decompoaiblodl &t 550580 G;“"“‘—~~*~~~~ﬁ;'%ff :
T resction [3] ie nruﬁdbiv very slow below gbout’ 520°G.(9() vub-nevertheless 0 o
i o -dga pousible caude of low yields; awpecially 1f cainiiiﬁd b? Othﬁr '“h- : o E
: ' stancea presen&; . LT

(d=Weo1nver—
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7 appears, thats -
.‘,'7‘:":_’: ' - ) Tempera,tlu'ea of - 500-510"3. are. too high even: for e ;-(7-’

il e

Blai and Weingand (14) have reported a detailed study of {ime-tempera-
ture ralstions-: in their work, 5 to 15 &. portions of KC104 were heated
over a free flama or in a sulfur or potassium umitrate bath until *from
about 1/3 to 1/0 of the theoretically possible oxygen was evolved.® The
oxygen was measured over water. The residue was cooled quickly, powdered,
and analyzed for chloride and chlorate, perchlorate being obtained by
difference, Some of their results are given in the following tabulation
(p. 45 in vhien the last two columns have been calculated by the Teviewer.
There are some obvious diserepsncies in these resulte ('T.'a‘nlcb X1, p. k5.
‘which argue against thelr acceptance as q}:nnur.u_uv_ja.« Q,ug},itat}*rely it )

short heatin{; perioda.

wln sl ez b e K

i R AR

- ; |
£ SN S T Ao ST £ AR e 1
| , R

i
I RENTR

A

T

s marked effect on the course of ‘the reaction. Scobal (119) fo'und*that LT
‘the decomposition of XC10a into XC1 mnd O is-: more rapid in ordinary - - .

. yleldaor yerch‘iomte tnder otherwiss similar conditlons was reducei from s i

~ The presence-of various foraign substances has ‘been-shown t0-have-.

Cglans vene].a than in Jenk glass and sttributed the difference to. the
alknll in the glass, Frankland and Dingwall (41) ales ahowed the -
- Aeistsrions-effest of- Flgugg.hy nddins powderad. gluss to the melt,_thn*

71 gms. to 56.% gms. per 100 gms. of chlorate. Blau snd Weingand (14)
oteerved better ylelds in quartz vessels than in Jena glass (ses Table XIII,
p. 47): it should be noted, howsver, that their experiments in quartz wers

b
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-~ yleld of perchlorate, and sugge
B of ths gxass.

in & molten sulfur or seltpeter hath whersaas the runs in glaas
vers corried out over mn open ilume waere temperature control and uni-
formity is probably more difficult to achisve. Hathere and Aldred (A%)
denonetrated that glasg reduced the yleld of perchlorate by varying tho
amount of charge (which varied tho contact area per gram af «hlorate)

and by adding glass slugs to the melt. Tlau and Weingand showed that the

sddition of powdered quartz to a chlorate melt in glass improved the
sted that the quartz eliminated. the alkan

earrisd out

60.9 g./loo g. mwj Smmmem s e

~a.t h50° for 36 00 hrs, in gle.ss. with qua.rtz addi.tion, ‘the . - O
r & .2 g./lOO 2. KGlO3 LT e L

[P

o T —

-
)
o

J(a.*hera and .u.d.ro

o a.-(837 and Hag
there is no lcno\m catalyﬂe ag:ant for. the reastion

aq-ahn

Ho-?'nann (52), on the othar mmu. ala.mea thau thls resctict 45 aeo 1-.. ,....d
by KCL, X1, and KIO3. o

Baneroft and Ha.goff:ln (7) aluo stated that uhere 18 nothing lmown to
inhihit the non-productive reaction ._

2K010y —mp 2KCL + 302

48
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" salta of heavy metals, especially commer, end that ‘ths conversion of
~ .chlorate to perchIorate ie retarded by molien KNO;
‘“’{ aéuéﬁ on- xelou, m*prumsr aecompmnvrr*uccm"mrw*mr!q

Ca the othoer hand, many substances such es ‘an2 end Cul are Xmown to
catalyze this reaction. Similarly, the decompositlon of potassium
percniorate is subject to catalytic effect. Low ylelds of perchlorate
in the presence of alkeli, copper, nickel, iron oxide, end borom tri-
oxide wers aitributed by Blau and Welngand to the citalyzed deoomoar-
$1on of potessiun perchlorate, Farmer snd Firth (34) showed ¢ Caly,
ThO,, and Zr0p docrease the yleids of perchlorate, ' Ishikaws a\nd

S et tf contiind d il NP S SRR

L

- Baglsawa (56,57) reported that sodium and potassium carbopates lowered
" ‘ths dacemposition temperature of the corresponding perchlorates. .-

Hofmann (52) stated that the decomposition of K010), was accelerated. W

which exertg “o ﬁlolvant’ PR

2 xcwl, --q. 2 1:3103 + oz

1wy e TRUATRS T P A

1L EE PN ml:‘"m-*_ﬂm’ml‘-‘“
' P w :

o Data. ‘on” una aecompaaﬁ:i “of- sodium chlorata are magerf. ;,’r ;mm'a v . '

- to melt-without decomposition in the renge’2LB.2689C. Deecampaz $¥4en. sl T EELL
_the chiorste begins aronnd 350°C. (101a) of almost 100° above the melting ST
point, The dnmpoaition temperatura of godlum perchlorats 1193 in the

range L60-480°C. ,
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According to Maryin and Woolaver (82) the decomposition termperature

~f sodiun perchlorate: 1s 30° lower tian that of %the potassium salt;
- Perox {10%a) found 1% te dhe only 15? lower.

In view of t“w- fasta, it iz to ha expacted that the optimum tem-

psrauure range for ha sodium chlorate - perchlorate coriveraion would lie

velow that of the nor,asaium anlt reaction. Cerman Patent 300,713 (157)

recommende a range 3b° lower than thet used for potassium chlorate- ‘this
' would mean the use o{c‘ r.e"lperatures betwesn 111»0 and h90°c.. '

D Ha.thers “snd .u;dlred's very brief investigation (83) of the effect of
i fg et ature -on-tho-dured 6F the ranntion gave the fonowine resulte for .

far one-hour hea.f. mg :

f one- gram eamplesz

e e e e e+ g A8 otk
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dicoupoua at. 270"6.

Litns.uﬁcnio'raba (103) - Batydrous s melts, at-129°0, and begins to

?Y’n gz 3 ngc‘ .- ' Jgu |1lunn|—(mq§ 1.21:‘.

dacomposition couldl "be raprnented ‘by the equa’oiona )
) mmm-- 6 140103 wmp 211010, + HI40L + 5 0y -

finalt 10 L16103 — 214010 + 81iC1 + 1107

Bl

The duonpo-iﬁon temperaturs of Lithium percmﬁra_ .
A5 IR0, By "u'Ln"ﬂ CWonIawer o _
Potilitsin Iouna thet the initisl and final ntgges of ths thermgl-
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Since these squatinns represent a reaslization, respectively, of only 39 #£.
and 24 g, of LiC.'lO,i per 100 g, of LiClOB. the use of the lmtier compound
would appear to oiier no advaniage, '

¥

Colclum chlorate, enhydrous, begins to give -41- oxygen bef ors it
melte:(105), It melts at 300-350° after having 1ost 3~5% of its czygen
content. The raie of decomposition increases, at 330°C., until atout .
. 607% of the total oxysen is evolved, The celcium perchlerate contsnt of
- ~--—---the realdue reaches a maximun at this pointi 2.3%, = Marvin and ¥oolaver

(82) state -that Ca(ClOy)s. begins to decompose at hosee, and fornms, basideo .

oxygan, ¢a¢aium chloride and calcium oxide 1n ‘the ratio of 20 td 1.

- =

[P TR
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i
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- The litawature on the direct chem‘cal oxidation of echlorates to par-
chloratos is frogmentary and, at times, eouuradictory.
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Oxyezen, according to Sodesu {126), will not oxldize chlorate to
perchlerate. Benne*t. and Mack (9) support.ed the theory that "active
oxygen® coulid sffect this changs (in this connectien, see alao dladiise

gion of metal oxides, be Lo-') and suggested that the tharmei ceaversisn of

shlorata to nercmaratu wag due to the liveration of nctiva ‘oxygeni

KC103 ~~= RCL + 3 0%
. 3ECL05 + 30 ,,...., 3 RO3OL

2k k nnder _ulﬁ&tnvialgt 1rr9.r\15ti

r 1ong. perlods of £ime,  they-

- it i i i

Bcwever, on bu‘:bling' oxygen. through a sqlution o_f sodlnm chlﬁrate’ na .. L
- auarte. 1

& dsuid #aiw e St |

-

;ﬁseumpoae ‘chlorate, -

ta* ot Be0, conversions of A 345, re
- Lyntor, Stone;: wd—S‘fiWiEii—("Bz—A : e

-is A M'r ainagium perma

S TUEpiarats wes ’:': ot oxidize =
tinn {9)., Yields of perchlomte by the thermal deecmposition of potmssiwm -
chlorate were lovwersd considambly vy the presence of tnﬂum dichr (..,,.

-3

sengte in sguscue _sglu- e -
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: The beneficial effect of sertain metal oxides (4350, FeO, PbO,, BaOa)
Loy on the tharmal conversion of chlerate to perchlorate, first reported hy
PoA Fowler and Grant (B0), wore accerted without cheeking by Bemnett and Mack L
: {9} as subatentintion of his mctive oxyren theory. Thess findinga, how- : bl
] ever, have been disproven by Matherm aud Aldred (83) and Farmer and Firth P E
£ (34). Yields of perchlorate are actuslly eubstantially lower when these ‘
; oxides are presgent. B
- Spdium peroxide would not oxidlze chldrate in agqueous selution (§),- . - ° . . 1 g
 Ofi-the other hend; 1gad dloxide was found by Ott (113) and Duhardt (M)~ - - ¢ |
S T to be & very effective -oxidizing'sgent for maKing perchlorates. TEhrhardt o
et R . _reported that - - I o e e e .

' .
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Throe wethods of regenecailng the spent repidue were consldereds:

(1) Tremtmeni with blsach

PbS0Oy + 2 HaD NaOCl —wp PH02 + HapSly + Fall + HoO
wan rejected bzoaus e the snercy necessary for the regeneration in sup=
trolyticelly mamfactured product and henes

plied in the form of an glectro
‘the method would offer no eavings in material or emargy over direct elec-

: trolytic oxiaat.ien.

) V"F‘uaion with scdlin nitrate ,
e B Phscm + 2Na0R + 2 NaN03 —» 2 Fboz +2 Nagsoa
' mimtaﬁ 'beeause aale&’ble by—prcducts_ Wers not_’_prc
' uld-not :

duge

ot b 8y-10"

T

) usm\Mqu

VS SNE AR IR A e

.'_:;_._7._ ‘and Bagleawa (58) feund,

T orise will reac kal: !
14 wa¥n aqueoud. golutions- % producs Blkals chlo : _
~however, thet when: chlor:.m 1; ;.aaaf,ev; -,..th_giry

3 'bv ﬁ..atf,ng Nam"03) Ahd mai.n redction 1
02-u—{}_--——

bu‘« soma uodiwn perohlorate 1s pleo formed at tempsratures bolow L509C.
-Ghlorine 18 said noh .5"3-:';'15.!'{ sntarnts - \1 6m). - S S

) ﬁ sodium ‘carbonate-(prepare
, - Zhazcég 2 w.g ek e+ a T
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L, PReaction of Strong Acids with Chiorates

trong E Q

‘.

m ﬂ‘ "1

ncids
Ll

[t B
a0

€n
-
n

. Following

v e -~
vl vk Ky

sition of chlorates s he
yeurs, 1ittle study has bs n wctio

the early cbservations of Stadion, nd 2 Alcm in the earyy 1800's,
no vork sppesrs to have bedn dors until 1922 when Lenher, Shmn. and Skinney
(78) studied the action of & number of acids. The reaction with suifuric -
acid wne reported to rield perchlorate omd oxides of chlorine (prinecipelly .

the tetroxide). cou

By st
s
en =
Cal 5

l
A
Lenny

It was steted that {his reactlon-could be carrisd, out -

- vithout danger by adding the sulfurlc acid slowly and preventing the reagtion .
" mixture from bsconﬁ!‘g waxims

Yields th varioue acid.u were —gi‘:a:z

a8 follown-f .
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-

z—em‘é ¥ W = né‘fagf"ne;nc Gp + B0, o

0r yie-of-chlerats iz recovered -and ’ma
per.m.erate wou"d he ¥afl 072 NaClls = {:ml,t% By a proper ohqri.ce of aeid-
and by using ‘the chlora.ten of twvo metals in the proper proport v‘\.uun. the

-
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separation of the perchlorate from the other salt formed cen be readlly ac-

complished or the.basis of difference in polubility.

2 FR + M0105 + 2M'CI05 ——x MO0y + 2MIR4+ 2 610p + HpO

4 similar expedxent caen be used .in the cblorine dloxide abso*ption

2007 + HOR + 1 HIOH wmp ..-103 + M10105 + B0 !

In thia procass, the_oxoess aeld required for the ehloraté aecompoéiﬁiéﬁ
BT e-re'ﬁvered mnd reconcentrated ana. a1nc ’j; ey S
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 The product - from the third stage was. then‘nancenﬁ g;,h\in a cnigsds avgpu

k) .-.r'-.:'r‘ra..«z-..d .m.-’a 3

; crﬁ‘h(ﬁ'. . th suthors. gtabe Vhal thHls ProcSsy’ has R~
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) i in the work cited, platinum ancdss were used. U.8, Patent 1,271,633 f
:—? guggeu..‘s‘ however, that magnetlis anodes are nlso sultadle. If perchlorie i

: . 2cld can in rsality be mads sconomically with megnetits ancdes, the acid : i

80 produced could be meuiralized with soda ash to yield the demired sodium : ! ;

salt,

~ Fewham and Mathors (9%) mude crude agueous perchleric acld at = con-
“céntration of 2K by eleetrolyzing between a i anode and Fe cathode a . L
‘saturated solution of sodium chlorate in a 2-diephragm, J-~compartnent
. esll, " The snode compartment wes formed of porous porcelain cup, and the

~_cathode compariment of an asbestos paper eup, = At 3,5 e.mpB/aq.dmc a o5
m‘rsnt'af.; LeAaney and-an 804 material: m.fmiansyﬁ'aru shaervedi whthogmas s e

power rsqui,remnt gf 3 EWE per- 1D, of- 70’7: ‘HC10y produced, - It may be P08~ -
: -la,tri. stitn.te covlﬁ be used et thiz . -

o " P[RR IR T T
| IR AT 2 T
,

- Gtéur | more readily i.hem wi enleriten 11@_
. and Weme:s.nd (14) found that the elsetrolyels of Baclz ‘s0lutions tetween:
. ..—. pletinum.anodes and nickel eathodes at 60°C, snd With & current density 4
715 ‘aups/eq, 8, wavs Ba(CI0L)s in wirrent yields or 50<60%, “ad,
Sl ok agetie” &cﬂi hydrochloric acld, ealeium shlioriae o carbﬁn dio:ide'm g
. .teld to favor tbe reaction, .. Izgeryshev and. Yhachaturyan-(59,60)-studted = B
- the electrolysia:of small voiunen of altmll and alkalina earth ehlordde. .. 7 o ET
molutiona-betwesh smooth platinum electrodes at a current demslty of 50 mmpe/ |-

8q.4, Yislds of perchlorate were low for Nafl snd lCl dut high or LiC1,
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Hetbods of Prod.uc;nb Withcut the Uhe ‘of- Plat-~
4?‘2=263 Ccntrncz Farder “NONR.- ?1?(00)) ST :

ent rev ’w; ooth domeatiﬂ and foreivn, on possible
anoas mau»rials in the productlon ol souium

decomposition of eadium Phlorate for the produution of aodium perchlo*a
thermal decomposltlon ‘metaod, - -

» ”he rapid expanaion of the proauc»ion of perch‘c"ates during the laat

iterature and patent review, both domestic and foreign. on the thernal‘]

e

te',

; preliminaryg;aboratnry exper “ents to 1ndi~a%° the feasibility of a }f o

few‘years and the ‘decreasing reserves of platinun, the metal now used in the»»

;f production of ‘sodium perchlorate (the starting material for potassium and’
' ammonium perchlcrate), make it desirsble at this time t6 ‘search for new

nethods to producp perchlorates that will be less wasteful: of platinmum,
Part I of this repori, bound separately, comprises a reviewf
literature, including patents, of all methods reported for the production of

perchlorates, and of all apparatus end techniques tnat might be adapted to

©osuch production. T Tart II, Bound in thic ecover, ig a short it eritissd

laboratory study of the methods de :ridbed in the literature, and of other
methods that were suggested during the course of the work,

SUMMARY QF LABORATORY WORK

2y
%

6f the technical :

i, Of 75 smanples of warious anode meterials that were ﬁade in this laboratory

or wers secured from geveral outside sources, only magnetite, lead dioxide,

silicon-gilicen cerbide mixtaere, ilmenite, platinum plated tantalum and
certain metel carbides with platinum as a binder, looked sufffciently
goecd in & screening test to warrani lurther testing as anode materials
in a perchlorate cell.

2. A number of metals: several chemically resistant alloys; seve£§1
varieties of graphiie: a number of metal silicides, borides, carbides,
and nitrides; and surlface-—oxidized or sulfided iron and uickel proved
unsatisfactory,



nry
Col.

oxi de.*91¢1ﬂoné ;1;con earh idc.
s 5 to 0 ampere labor“torv cell

Silic ii urbide produced pérchlorate vxtn 1ittle or no
suifaceaerosion. however. t&e(anausu werae' se*ioua;y damahed vy
' "ha* alvays accomuanied the

e pr duced per hloratakbut"they were: always‘seriously
The attack‘wae o function of pH..temperature. and

¢ o perated 1n a diaphragm-type
n'a U S, paten». The ‘carbon was eroded but 1ess
‘diaphragmless cell, Graphite failed conpletely

Vicoe

idyiin the thermal conversion of both sodium and potasaium
snfirmed the. vie*ds reported in' the literatur ;

hlle Pyrex and'Vycor agparatus gave very poor rlelds

. gy oEE :
f2112d to oxidizc either an alkaline or acid aolution of SOQl"“'
hldréje;f LA » -

‘deiﬁﬁ“chlo}ate isieléwly'oxidized‘to percilorate by lead dioxide'iﬁ é~fu

gtrnngzsulfuriq acid solution.

Sulfuric acid converted 45% of sodium chlorate to perchlorate. Cnlorine
dioxide and chlorine were forned also, ' e

An analytical vrocedure was developed for the deternmination of perchiofate

jon in the presence of chlorides and culourates,

CLULLIONS

\
.

No anode materisl was found to produce perchlorate as well as platinum
or platlngm-coatec tantalum,

Lead dioxide, =ilicon-silicon carbide mixtures, ana carbon ancdea’
require :urther development before they can be completely appralsed
as practical anode materials,

Mnsnetite anodes did not produce perchlorate under vhe conditionsa used,

&

£ the conversion and'the required temperature?(cu.mu?
rmed, Yields as high as 73, 1% were observed in qnartz
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] ghigh tempe ture ,thd _poor . ylel D ‘
eaction tomtraooﬂimpnritiec makea’ the thermal method look unattraoti

) q¢cﬁemi

& e . )y Y

ric a 11 oolution 1- prac” cai,onlj £ & good method is L

t‘ia rEL ommended that nore work bs done on the siliconusilicon car
carbon. and ilmenite matorials. the work should’ be carried out ia’
close oope'ation qith a labora*ory equipped to fcrmulate s.aetroda

Fnrthor vork sh u.d be carried oux 0 aovelop e lead dzoxide anodo 3
*hat will not develop pinholos. Thia‘should "include. work on. tho“,,ﬁ
‘ ¥y 1.‘bath. preparation of the baae metal and a study

d*ozido ano¢o.

3. A 1aboratory study nhould be made on the” decomposition cf ch;orate by
. ‘sulfuric acid ‘to determine conditions to produce the fewest problemS»
of separation and purification, and the best utilization of by-pro&ucts
This process should be considered in comnection with a =odium chlorato ‘
plant for the oest utilizat‘on + 7 by=products, T . ‘,"*,* . '“““ﬁ
4, If all other methods fail the lead dioxlde oxidation-of chlorates
should be studied with cpecial emphasis on a study of the nazarda of
the process, and on methods of recycling the lead compounds,

e Severalvclassos of ancde materials not fitlly studied here should be ru=-
examined, The metal silicides and cerments would be included, The nuas
of ozone as a possidble oxidizing agent should he more fully evaluated.

6. For the present, no further work i3 rscommended on the thermnl dbcompo-

sibtion mathod,
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Intxroduction - A

The various nethods for the prepavaticn of sodium perchlorate nay

oo

be classifiad asz followa:

ate solution, in which
ailly bo perchlorata.

{1} Elsstrolysis of an agquecus sodiur o
proceass the chlorates is uuidaavu ané

Q
I" '1

(2} Thermal dascmpoeltion of sndiun chlorate¢ in wnich piccess the _
- cqlorate undervuaa oxldatica-reduetion to perchlorate nad chlq;idelA
-'(3)'"“ire —chemi.a_ zidntio f,; godium cnlorafe to DeruthPQte

‘jﬁeana ol S'Lu-v}" 1ALz :951bs ap persullates,. "t.aa.u"d;ux.v.ué—

5

e s o e o 5 ne

e A T R

ey -

g 4 - m
o x 1 ] w‘ ‘A‘

terie.le that- 'ppeared; promsfng o the basfs of the I.ite m.ure

Study. {(Table 1) Other anods matepials ueed in this study werse:

either 4n hand from previcus elssitrochemical Anvestigations in

this la“oraborv or vere p:epared durlng the course 5f this studv.
- Tnie BHG'G.@.GH of “the IepOz’u'uOVeli‘iﬁlS WOYK 1u 0.919.11.""“ T

o SR AR

ot e h ey 2,

2y B e e SN




/
i

e e TN SRR 0

&

e

g

et et s ot e TR AT 1 D

ey

Americar Abi-asive?"@ompahv

Dinandaasiianih b Jhas duiie 3

[y
T ——— e

TARIE T
LIST OF COVERNMENT, INDUSTRIAL AND RESEARCH FOUMDATION LABORATORIES

vy

CONTACTED AS POSSIPLE SOURCES CF ANODE MATERIALS FOR PERCHLORATE CELLS
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Achescn (raphite Corvoration, Niagars Falls, New York
Adamas Carbide co_rpctat10x1. 10 4 Sou

10

B R M 2 it |

B 01 LTt e o ey

‘Kennameval, Inc e Le.trobe, Pa,,( e S
Metals Disintegrat_ing Cowpany, Inc,, Eliza.betn (B). Now J‘ersey .

.L"‘E‘I.’I"‘ae ucrvcmua... ~8mint Marys,
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Naticnal Carhon Company, Inc . Ualt of Union Carblde and fLarbon Corporsticn,
Carbon Products wivieion., P, O, Box 6087, u;ev eland,l, Ohic

Norton Company, 59 K., Bond Street, Worcesater, Mnss.

Powell Duffryn Research sboratories Lta., 1HQ Battersea Parlc Road,
London. S. ¥, 11, Fnbland . :

'Revere Copper and Braes lncorporated Rome Division, P Q,- DBox 151, Rone. N, T,

'Stackpole Barbon Gompany.,St Marys, PE;“
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Scereening Tesis

{(a) General Dsgeription

This phase of the investigaticn involved the testing of
meny differeat kinds of materimls that might be uged as sud~
stitutes for platimn in the sodium psrehlorate cell, For -
convenlenes in reporting, these matarials are divided into
the following clasaea' e

(1) pla Lrivii groap metala , s
7 (2) ‘pure-metals and metal alloya o ket

T i

TR

fi ]

'Ez_d t«ﬁigf&il&ré,ﬁaﬂ BbeeTved by one ; R ok
-anangéi”’kl) ‘a"decided color change in the. glecuro 18 f(Z
& precipitete. or sedimenty in the slectmolyts, and (7). an actunl
waight loss of the anode - material tested. In some ceres the

enode material polurized and the cell failed to ?asciCB?:E‘
" at the nﬁand onl i»n;-n mh., Janeth of s4=

> Yw dvooa ke e
vams 0T ,L'.Ll"_! LT S

Ul-i A4 e
,”'ﬂ!aﬂ I‘AM'\I":‘% «PA-: th_’ '1:.’5 I'E':é:.’;ﬁ"'y Lo ke the '.il-D_Q\"B
observations,




7 Anode materlals that appeared promieinz os s result of

{ these preliminary sereening tests wers studied more thorcughly
in a large 10 ampere sodinm psrehlorate cell, This work ia
covered in Secticn B 3(b)"Extenaed Zvaiuativn of Screened

: Metoriala¥, on page 32,
! (b) Materials Tested, by Classes

{1) Platipun Group Metels

1naua‘1at;ona have aceapted
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as anodes in the verchlorate cell, Ancel (3) found ihat
tungsten and nolybdenun were strongly nttacked, Certain
lead alloys have bean neationed ns "insolubls® anocdes in
other electrochenmical nrocesses (27, 38, 197),

Exporimental Observations

It was found that aluminum and megnesium eroded rapidly
in the perchlorats cell,

_'Molyvdenunm met&l obtain from. the Fanef.eal Frodu-ta
S VOmpany co:@letelv €roded awey. in
o CUrrent had pes 30

3573 THRAR PR AN PR S e

.
-y

wwy

BwE u';r,-_,n rt-a\r“ — 81

to warrant zurthev testinb ‘as anode naterials,,;"

{ently ; prom oing

134 cobbsens.
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(3)

cla.ims that_ inprn.r-x_mted ret.o"'t ca.rbon nay b uped i.e -“'
g i , b ,

Graphite and Cardbon

Baclce eround - -

Ulimann (140} reports tpat sraphite is too strongly
attacked to be gerviceadbls ihh perchlorate production,
Sihvonen (123) says thet no uerch.i.omte 18 lormed at a
grap}nt.e electrode.

=0 -he -other -hand, U8 Patant 1, 279,593 (155)

' wazg?ﬂ'ﬁéf the
{2

AL BN I et e

Russian Patent {9,700 (163) dilsims”

curpids or ®silicice graphite® electrodss iam plm..s T
platinun for the elegtrolytie: production of perchiorstes ana -
nersuli‘ates._ However, Howard (5%) states that carborindum
ll .IE.L"'!" RH an’ Eu\'IG.B‘ materiel in PEI’CMOI‘EFG IUI‘M‘FIOD;‘
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Experiental Obsquyhinns ]

r !
P
| In the nxnerinental worlc covered here, G1 10d Mo
s torinlp obinine. from the Carborundum Company s tenved. E
! The first work was done with secticvna of a rebulnA Glcbar

rod elenent cut with a diancund saw,

The end gactions of the rerular Globar rod element are

uu-na..u.»\'.)n wl“.‘:iﬂ.u miv'""'e" o LBuak an and anntﬁon

LG
1ate § a:’ace disintegration,

. - from the Battelle Hemor4al Institute wore atronrly ‘Butncked
’ with visible erosion evident on the anode sammle and eon~ :
-giderabis reddiAnsbrown preczpitate in the electrolyua.

[
~4[ e medet ™
5

T ) ' T TT“; I ::n.nt..ﬁ un;x.\ a>;md,l_1 uu.mher’ Of Dﬁﬂﬁible mtﬁriﬂiﬂ of- thfs 7‘:‘ o
' ¢lage haas been investiguted. furthed tests should be made on
ﬂetal sllicides becrnae of their gepar&lly vntstanding inerinees, -
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(6) Metal Oxides

The materials investipated under thie classification
include macnetite (pages 18, 19 ), lead dioxide (pages
18, 20-27 ), manganese dloxide (pages 25, 28, 29) and
ilmemite (page 28).

=

I 1T STMINT gy gpesersi pYA T s 007 1T 913 SRR

R L el 31, 4 1R ot L T TR

s

, In 1923.:hbward ( )'étated“tﬁéé lead dioxide amodes sve. i
decomposed very r;_uc.clv under the conditions prevailing in ‘ -
‘the chlomte-per*hlorate cell HoweVer kngel and Mol].qaut (lb). :
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Wi e L a-
. Aﬂdmﬂ -h

ox;qe vu U mu.usauca
nahganese dioxide, -(181); by elect:
between lead electrodes (1’6) .and:

curront ‘power source.‘ £ C
“hold the :electrolyte; and were heat 24, _' neces:
an_electric hot plate, For: °lectr0ylaue 1#1 to

Table X, page 22)the cell consisfed of a: ouO‘
with double cathodes of platinunm plated tantalun’ placed’
opposite each other at-the wall of ‘the beaker,  .The anode
usually a 1 1/2% x 4" sheet of metal was suspended: centr
in the beaker between the two cathodes, -When metal rods
1/2" in diameter and 9" long, were to be plated, as ini: "
electroplates #21 to #26, the cell body was a three: lite

‘beaker and the cathode & sheet of thin. flexivle steel’ co
to cover the entire inside circunmference of the beaker,”

circular piece of the same metal with suitable current - -
leads was used as a botton plate inside the beaker, A
plexiglass 1id served as support for the centrally suspended

anode rod and whermometer, and to decr2ase solution evapor-¥
ation whea ope »ting above room temperature for long periods

Tie power source was an autotransformer-rectifier conbination

A number of lead salt baths were tried to determine the
best corposition to glve a gzood lead aloxide yiate * These
bath compositicne are summarized in Teble IX, page 21, and
the conditions under which the lead dioxide electrcplates

vil

were made are outlined in Table X, pagse 22.
It was found in some experiments of a preliminary

nature that a satisfactory lead dioxide plate could uct be
gecured from an acid lead lating bath based on lead nitrate
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=300 granszlead gcetate,

95 grars “godium hydroxide, NaOH:'
tz **Ec 1 ther of solution.

"VVarious precipiuates are formed during nixi’
‘mix contains one-third sol1ds., Filter for use,

. Add 5 grams
,;si on and ilter.

%;300 grams 1ead acetate, Pb(vzﬂgoz)z - H20

Bath #7 -
Batl: #?H had

water to make -1 ;iter of solution,
‘5 grans gelatine, Filterrsoluiion.

¥ 250 grams lead acetaté,Pb(C2H§0§)2'3 Hy0

200 grans sodiun acetate, NaCo 302.
Water to male 1 liter of solution.
2,9 grans Eelatine powder, Filter solution,

Composition of exa~ple #2 in U. S patent 1,595,675 (Aug. 10 1926)
In 1 liter of wnter, dissolve:

50 srams sodiun potassium tartrate. NaXCpijOge4 Hy0
10 grams sof w1 hydroxide, NaOH
50 grans lead oxiae, P10

Hote: Sciution takes place best at about 60°C,, but even then
onl 40 gronms of the FPuu dissolives, Filter solution when
cocled below 40°C., On standing at roon temperature several
heurs, the so lutlon containus a heavy white flocculent
precipitate of a lead salt. This precipitate dissclves
on rehsating the solution above L5eC,

In 1 liter of water, dlssolve:

50 zrams of sodium potassium tartrate, NaKCun.Oz'“ H,0
25 orames aoding ardroxide. davH

Le prans lead oxilce, EbO

- c2aline to helow 40°C,
cipitete forms on stend-
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?wvbnriki ély supexior leao dicxide‘plate was ‘easily y‘cd“:ei&ﬂ
- bath contalning leaﬁf&artr&te th“,‘fu:ther develotment
Q.fworx on and o
;e compositlon oF ] ne‘firetgﬁbad tartrate platirg bath (#7,,
a8 teken’from the! patent: l*terature was improved (bath #7M) .
L %o nrn’ide etabilityg t.room tempe ature and a mora’ lustrous -
deposit on pxated obgects ; . - e

g

; Lead dloride nlatinge on monel and nickel vere feund toﬁixg
be. of sbmewhn*'smal;er ‘grain aize and superlor in lusteritg 1. -
those: u“»steel. . One: anode‘wae prepared ‘Byiflash: nlati~g ol
‘ :menel rod: with copper,ftheh with gcld toa” uhicknees 0f:0,00
b finch and Finally: with lead dioxide using bath c0mposit;un #
> Dus . to faulty preclean&ng“ £.'the ‘gold ‘surface, the.lead . %
‘ ﬁ,dioxide coating failed" ‘pre: aturely._‘lt 19 felt that. tne
« A; use of relatively 1ner "lapings euch ‘as, cO}per, silv
-rgzgold over ilonel or" nicke "before ‘the lead dioxide plating\
Y was not sufficiently: evaluated in ‘this work’ to permit’ any-

”i'f definzue conclusions a8 to their value.

[r—

Ba ifter. the leaa diox1de‘anode samples had been prepared
ey electrodeposition a8’ de‘crloea in the preceeding para- !
“ graphs, ‘they were tested irithe small sodium. perchlorate
“j}cell These trlals are summarized in’ Table II. page 26“

.‘v‘h

s It was found that a lead aait bath solutlon of xerm;la
#7 and 7M (Table IX, page’ 21) gave the best erosion-resistan
lead dioxide plate when Honel or nickel rod was used as theg
“base material, Steel did not ‘appear to be's satisfactory
base naterial, As a result ‘of thess preliminary tests,
larger lead dioxide electrodes were prenared for testing
in the 10 ampere cell L

Manganess Dioxide

Background : ' : i

The preparation oI manganese dioxide anodes has been
described in the literatare (179, 182, 187) but thers is
ne andiration thet they have been successfully useé for
perchlorate rormation, 1ln fact, doward (53) siates that
manganese dioxide is decomposed very quickly under the
conditions prevailing in the perchlorate cell, ¥

Experimental Obsexvations

Hannganese dioxide ancdes were prepared in the following‘
nenver,  Nine {9) parts by weight of monganeee nitrate so-
Tution (nuproxin~tely 8Q%) was mixed with 70 narts by weight
of minmrnese dioxide to mrke a slighily damp mixture. This
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kT?sample. good
‘cylindrical manganeae dioxide ano’

Ilmenite

A U S Patent’ (166) proposes using lmenite. (Fe( T102
.an"a ‘substitute for platinum or graphite Ancther:U;+
“Piatent (167) claims electrndes mwde of*a»nagnetite-il"enite:
mixture o ‘

N

: A preliminary trial was’ run'usins S
obtalned from Ward's Natural Science gstavlishnent . Current
was pasaed throubh the cell for three hours at. 1-2 amperes at
13-16 volts, - There scemed %o be no gerious. orosion of: the!
ilmenite anode sample and only a 'slight amount’ of‘reddish”“'
‘brown precipltate was formea in tne electrolvte. s

Further study should be nade to ascertain wnether per-
chlorate is formed when llmenite is used as the anode material

(7) Ox*de and Sulfide Coatinus on Various Base Substancas

§§p round

Fedotiev (35) reported the production of insoluble iron
oxide electrodes by partially oxlidizing 1 cm. diameter rods
of commercilal {not electrolytic) iron. 3Best results were
obtained with air and stean at 1000-1100°C., under which cen-
ditions a smooth continuous surface was cbtained, waever.
Xamevarma and Naka fourd that they could not proauqe‘fxvmly
adheringz Fep04 coatings on iron rods in an atmosphere of
oxyzen (66) or by heating ircn plates in contact %ith MnOg
or Mn03-S10, mixturss (65). s E
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fg;perimental,ubservations

Two netal borides, chromiun boridu and titanium boride
were obtained from the Battelle Memerial Institute, = When .
these materials were tested in a sodium perchlorate cell
they showed an excessive weight loss, visunl evidence of
anode erosion and a chance in color of tlé sodium chLorate
electrolyte,

Thue, chromium boride and titanium boride were unsatis—"
factory anode materials in the sodium perchlorate cell, .

A R e e A am e me M SR G WP MR G a. me MM e WE S Sw AR R ms W SR s Ws MB Mm B me e Gm M am e e e se O

*The 1/2" steel rod was sosked in an aqueous alkaline solution to remove grease,
pickled in 100 sulfuric acid at 80°C. for 3 to 4 minutes, and finally dried. The

clcan steal rod was then dipped into molten caustic at 400°-500°C.. for 1/2 ncur.
On removal from the caustic, and after rinsing and drying, the tredted steel was
coated with o cmooih brown devoslt,

Pogaible future work would be to treat the steel with molten causiic at higher
temperatyres., for inatance 800°-1000°C., and for ionzer periods. 3ince this was
the best of the ocxiie coatinss testad, There migh% alsc be considered the addition
of variouws oxlidizing arenta to ithe cauntic to enhance the formation of a denser
aw\ hrewhor axule. coatings on the steel
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- -these two materials were” obtalned and}

warrant: further study ‘“Sample #1 ,
Carboloy’people ‘1o be ¢hroniun carbide wi‘hflzﬁ hlatinum by
s volume: as afbi*der.i Sample #12 vas tantalum‘carbide ‘also

;}with 124 platinum by volume® as a binder, ' larger samples of
sted, The chromium -
1hich

' earbide eroded &t a rate of-0.3 grams Per ampere-hour,
. is-too high, wnile the- tantalum carbide showed an anode
erosion rate of O, 008 vrans per ampere-hour._.;f

Pure silicou carbide samples (Fisher Scinntif c Company
and General Abrasive Company, Inc,) polarized as was the case :
with Globar heating element sections (SiC) (sse Globar Rod ‘
Material, Section B. 2. (b)- (4), page 12), '

o ‘.171;:.;,1.1

Similarly, the pure tantalom carbide sampies (Bé%ﬂellé
Memorial Institute and U. S, Bureau of lilnes) polarized,

All the various titanium carbide compositions were

attacked too rapldly to be of use,
4 - »- y .

A sampl~ of tungsten-titanium carbide (85% WC¢, 15% TiC)
from the U, S, Bureau cf Mines eroded too rapidily, while
samples of tnﬂusten carbide with various percentages of
zcbalt ndded a2 o binder (Ad=mas Carbide Corporsation)
rolarized after 6-12 minutes of electrolysis,

rg g e S T R T s S
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nlorate cell. Both titaniur aitride 2nd
>showed‘angéxceQai?g,wéigﬁt;;OSSQQ}th,th :
tets in the- sodium: chlorate e

) Miscellaneous Undesicnated Materisls

henica Lo
nufacturer.

. These sarples are grotped here since tleir c
composition was not Gefinitely disclosed-by the

However, they are chiefly metallic carbides with varions: = - -
pefCentages*ofwcobalt-adéedwasAaﬁbinder.- L S R «

o A1l the undesignated samples supplie
the Haynes Stellite Division of Union Carbide and Carbo
Corporation and by the Vascoloy-Ramet Corporation proved
to be unsatisfactory as anodes in the subject process,”

3,  Extended Evaluction of Screened Materials

i) Description of 10 Ampere Cell and Its Uperation with Platinum Anods

In order to become more familiar with the operation of the
perchlorate cell and to provide a basis of comparison.for the
other anode materials tested, two lO-ampere cells of“simule
desizn (Fizure 1) were made and equipped with platinum-plated
tantalum anodes, The effectlve area of the ancdes was variad
to give a current density of 100 me., [8q. cm. in one cell and
300 ma./sg. cn, in the other coll. Ueing »n electrolyte compo-

7./1. NapCrp0p°2 Hp0, these

sivion of 600 5./1. NaClO3 nnd 4 g,

i M T
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FIGURE 1
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(b)

cells were operated for a period of about 43 hours, at a tempera-
“turc of 10°=15°C,, to give a final elsctrolyte composition in ihe
“low anode current density cell of 293 g,/1. NaClO, and 380 gz, /J.
NaClOy, and in the high anode current density rel of 215 b./J.

¥aCl0y and 466 £./1. NaCl0,. The current efficiency in the low
anode” current density cell was about 67%; in the hizh current
density cell, about 8U0s, This confirms the repeorted observaiion
that hich ancde current density is necessary for the efficient
production of perchlorates,

This experiment also indicated that platinum-plated tantvalum
anodes could be used in place of pure nlatinum anodes in the per-

“chlorate cell,

Use of 10 Ampere Cell in Evalustion of Screened Anode Materials

Anode materials which appeared promiszing in the screéning
tests were re-examined in the larger 10 ampere cell for longer
periods of time than were uscd in the scresning testis,

Lead dioxide plate on mild steel rod, Monel rod and nickel
tubing all failed after a relatively short period of operation

apparently btecause of the presence of minute discontinulilies or
pinholes in the lead dloxide plate. Where such pinholes apreared,

. the base material (steel, monel or nickel) weuld he rapidly

attacked, TFigure 2 ghows the result of such attack on lend di-

oxide plated on monel rod; the third anode has not been used.

Gloder Durhy #1 gections from the Carborundum Company
polarized whereas Globar Durhy #2 (SiC-~Si =mixture) operated
with the production of perchlorates. There was surface dis-
integration of the (lobar Durhy #2 especially at the top level
of the electrolyte., Figure 3 shows Globar Durhy #2 sections
vefore and after use in the sodiunm perchlorate cell,

In the case of the lead dloxide anodes, the type of failure
described above is not uncommon for electrolytically pilated
electrodes, ~nd no doubt improvement could be worked out by a
nore detniled study. Inwprovements might be schieved by prepa--
ration of the hase metal, by changes in the nethod of deposition
cf thn plate, or some treatment of the anpde after plating such
as dhuffing. Fubure work should alsc estadblish the best cone-

dition of carrying cut the electrolysis of sodium chlorate
using l2ad dioxlds ~nodes,

urther work with the Durhy #2 material would involve trials
witn » nmore dense type of silicon~-gilicon carbide, one impresnated
with wa{netite, or one DIated witn lead dioxide, Combinations of
sllicon carbide and cnrbon as suggested in the Russian Prtant
(15“‘ should 3iso be conszilered.
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YICURE 2

Anodic Attack on Lead Dioxide Plated on
Monel Rod
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Globar Durhy #2 Section Before and After ey
Une as Anode in the Sodiunm Perchlorate Cell




: ~Further: tests in tae 10 ampere. cell s“0u;u'include Iimenitef
(Feo-tr 0,), ‘Carboloy Sarple #11 (chronium’ car‘bide‘-!— 124 Pt) and o
sanple #12- (tantaxum carbide '+ 12%-Pt) . These materirls,;

4 romlsing in the. . s¢reening teSuS. but: ,ples of the
X gel 1"foula ‘not: be obtained

1 nside eé’within the scnne of'these nreliminary
he catalyti effect of various addition avents

vested in: the litera.uré.

In;carryi, : t the experiments. the chlurate salt was lac°d in a
00 ml. 'round-bottomed flask having & ‘Yong ‘neck: ’”laSS tube, sealed at
he lower ‘end “and extendinv ‘down" the neck of the 4lqsk to. avout 1 1/2 inches
“above’ the- surface'of the chlorate salt, serVed as & thermocouple Jacket
The Bulb-of the flask was placed ina. pot furnace with an insulating
cover set around the neck of the flask. “The gases given off during u;e
reaction were led by Tvgon tubing into the top of a 3 liter-bottle fllled
‘with water, The water displaced from the bottle was forced out a. bottom
opening into a. 1 1liter burette connected to the bottle by tuhinb. The .~
ccllected gases were maintained at atmogpheric pressure by equallzlnr
the 1liquld level in the burette with that in the bottle. Terperatures
were neasured by an iron-constantan tnermocouple. ‘ .

The normal procedure, in a iypical rui, was to plece a cblo*nte sanple
in the flask which was then set into the cold furnace. Tne temperature of
the pot furnace was rapidly raised to the desired level, control being
maintalned throush an autotransformer, At the end of the heating peried,

the tiask was removed from the furnace and allowed to cool to room tempera-
ture, Thne volume of oxysen evolved was then measured before the flask
wes ovoned end the solidified procduct removed for analysis. A summary

of the results of these experiments is given in Table XIX, paga b7

Heating potassiun chlorate in a quartz flask at Lg2eC. for thrss
nours gave a product which analyzed 73, 1ﬁ KClOy. A higher temperaiure
resulted in decreasinz the perchlorate and increasing the chloride yield.
Sodium chlorate under the same condltions gave a lower perchlcorate and
hirher chleride vield indicating that the temperature nmay have been a
1i¢tle tos nigh. However, heating at 456° for 20 mimutes roonlted in

- 45_
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zZaro conversion to percu_n'ate. Therefore, it = gpears necessar" tc heat

s god iuﬁ'perckle rate in the temperature. TANgEe L60924480°C, Tor one:to three
q hours to-obtain’ satlsfactory vields of- perchloré%e together with ninirmun

Mz?.decompositicn to cnloride., The analyses for uhqgsodiun -8alts zlven in

- ;1 Table XIX give less than 100" ercent analyzed iné
f’presence ‘of water adsorbed bv the very hrgroscogic sodium cnlorate and

'W“Perchlorate. R ,~'T=?[;’“

. of potassiunm. perchlorata by the thermal decompo
< ; cents per pound as compared to 13,8 ‘cents per p
‘method, Details of the cost estima tes on the )
'fmethod are given in Appendixes A and B, respect:

dients due £a :the

b

eatingvfefiods‘given
‘he chlotﬂtej: ¢ge ‘

| It should be noted that the temperatures a
ebove may need adjustment accoruinb to. the si«e?of

skﬁ gave poor yields -

'Sodiun g@lerate heauea in Pw;ex and V cor &
of pe:;hlorate'cempa*ed ¢ that obtained- when it was. heated in a quartz
flask unde approximately the same conditions Es :
’ }:‘ w

'Recent cost calculations showed a to*al mal "iacturlng cost per pound :
‘tion method to be 17,1

d by. the. electrolvtic K
“ctrolytic and th ermal '
81y, of this report on

pnges 68 and 72, Considering the high initial ﬁT&tlnum investment and

&#

the operating loss of platinum in ths electrolvtic procese, it becomcs

apparent that the thermal process is somewhat inefficient,

Chemical Oxidetion of Chloratesn

Baclg roun d

Oxidizing abents that will convert chlorates to perchlorstes are not
well established in the literature, Lead dioxide has been reported to be
a very effective c¢xidizing agent for making: perchlorates (31, 113).

Sodium persulfate was found by Bennett and Mack (9) to oxidize sodium
chlorate in acid solution. Very small rields of perchlorate have bheen
reported using ozone (9). Also, some oxidation of chlorate to perchlorate
in acid solution was claimed using hydrogen peroxide (9), According to
the literature reports, oxygen, potassiunm ;ermaucanate, sodiun pergxide
and chlorine will not oxidize chlorate in aaueous solution (126, @, 134a),

Experimental Ubservations

A serins of experimente was run to determine the time necessary to
oxidlze sodium chlorate to sodinm perchlorate using lead dioxlde and 50
weight-4 sulfuric acld according to the following equation:

NaClO3 + Polp + HoS0) —udm NaClO; + PbSQy + HyO
In these experiments a 505 excess of lead dioxide (packaged product used)

vwas mixed with sodium chlorate in en Erlenmeyer flask, A slight excess of
50 weizht-p sulfuric acid was added to the diry mixturs. The flasks were



“ When u;,é sulfuric "Cid waee u"“ﬁ.

L then heated on a stea. Yath (85°-95°G ) for var"ing periodq of tlme. _
. After heating, t +he: slurries were filtered, washing the residue. well with

f3uistilled ‘water, and the’ mbined filtrate: and,wasnizgs were Pnalyzed for
godiun chlorate content, The conversion to sodium perchlorate was then

calrulatad ac exploratory expcrimen ¢ had- shown- - that onlv sodium uh&uraue
and sodium perchlorate were nresent in: the filtrate.

: ‘The results are plot ed: in Figure 4 and it may be’ seen that about a

‘%?0% yield of sodium perchlorate may be obtained after 4=5 hours heating
© on the steam bath. Provision to insure more thorough mixing of the :

ingredienvs would Drobabxy imbrove the vield.

on the laboratory scale used in these tests, the reaction proceeded
smoothly at 100°C, when 50 Wei”ht—p acid was used but became exolosive

Based on this pruceas for the production of potassium' ruﬁLurau;.‘a

'pfeliminar\ coet estimate gives a manufacturing “cost of 16.4 cents per

pound, This f{igure does not include the cost of recoveryiof lead {oxide

-which may be a difficult process and which will increase: the product. cost
"several cents a pound. - This total cost of 20 cents per poLnd or.over is
B appreciably higher than the 13.8 cents per pound by the electrolytic '
; method {see Appendix A, pages 68-71). Detaile of the cost esti ate on
. the lead dioxide method are given in Appendix c, pages 75-78

Preliminary tests were run to evaluate the ox idizinb power of ozone
on sodium chlorate, In the first experinept a solution of €00 u./l of
sodiunm chlorate was mixed with an equal volume of 50 welght-p sulfuric
acid. While still warm (30°C.), 250 nml. of this solution was placed in
a gas washing bottle and ozone (O ) from a Welsbach ozone Zeneretor was
passed throuch the acidic sodium chlorate solution. All the gass: :passing
through the acid chlorate sclution was then passed through a Zp X1l so-
lution, which quantitatively absorbed 2ll unreacted ozone, Tests. ‘on the -
XI solution indicated that all but about 10/ of the ozone passed throubh
the chlorate solution unchanzed. Since the 1045 ozone loss represents
nornal decomposition, it may dbe concluded that, in this erper;nent
ozone was a veryv ineflicient oxidizing agent in changing chlorate to
perchlorate, Chemical analysis of the chlorate solution alss failed
to show any ierchlerate that would not have been formed b7 the strong
acld,

In the second experiment, 2 sinilar test was made using a 600 z./1.
godium chlorate solution adjusted to a pH of 11 with sodium hydroxide.
All hut aboui 10Y of the ozone paassed throuszh the chiorate sclution un-
changed, representin; normal deconmposition of the ozone, Here also, it
‘woenred that ozune is n very inefficlent ageont ‘in moking perchlorate,

sork fa ur-liminar:, further work should be dons %t
seve results, and to try cther nethods of using ozona,
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: lDecc_goaiuion of?Chlorates b" Strong Acids

i e dec mposiuic“ of chlorateerbv stronp acids ‘has been known for nany
ve rs The reaction (M = petal, 2 = cid rulical) :

ZER + 3 MC].O—\———--»> MC.LOu, . 20102 +2.\(R + n20

is bas: Vfor & patented tprocess (200) for making j erCulorates and
chlorites of aifferent netals., This process is of doubtful value be-
~ “cause of. the: conplex mixtures that must be . separated ‘pecause of sid¢
" ‘resctions in which chlorine and chlorides are formed, and because: ol¢"i
: culoriuu nec ssarlly associated with the proau tfen

the large rizld o._
or: ;erchlorate.

: An adaptation
*e»arus all of the.
;may bf practical

The chlorine and chlorine dlox1de can be separpted fron the reaction

ixture safelv and’ efficiently by blowing air through: the mixture while
* "the reaction is taking place. This dilute gas mixture,. ‘when absorbed in
& caustic solution to torm & selution of NaCl, NaClO, NaCl0, and NaClOB ‘
" can be added to a solution of sodium chloride to be used-as the elecirdlyte

of a chlorate cell, Such a cell would require less power to produce -
R S .chlorate than one using sodium chloride only as, the electrolyte (see
T R Figure 3.

In a labcratory test, 15 gms, of sodium chlorate was nixed with
excess sulfuric acid (50% by weight) and heated on a steanm batih, After
_geveral hours the solution became colorless and was found to contain
.8 gns, of sodium perchlorate with no chloride or chlorate, Thls was
equivalent to,45% conversion of soaium chlorate to sodium perchlorate,
Uther laboratory tests showed that the chlorine and chlorine dioxide
could be blown out of the solution by a vigorous stream of nitrogen.

F, Analytical Procedure‘for Perchlorats Chlorate, and Chloride Hixtureé

The lack of a proven nethod for the accurate determlnation c¢f per-~
1cn, sarticularly in the presence of chlorides ana chlcrates,
valuation of the processes siudied in this project dliilcult.
ure for thls determination was adapied rrom various literature
and was proven to be raplia and accurate method in deternining
cnlorates, ~=nd chlorides in the prsaence of each cther,

The following tahle snows the nceurasy of this jrocsdurc i deter-
minin- these lons in xnown samples, (Table XX, page 53)
) o ey - i

O
]

nitrate solution 0,1 8
L4 3 SR

siun tnlocyennate solution 01 N

¢
g
.Ju

,
4O
s D sy

,H
.
e

‘ o~ PR Y
rilied)

)
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FIGURE

VISUALIZED COMMEECIAL MSTHOD FOR THE FRODUCTION OF
"’ . S0DIUM PEECHICRATE EY ACID DECOMPOSITION OF SODIUM CILOEATE
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d.

;Stoppﬂr flask and shhke thoroughly for 1/2 "*nute.

{1l:1) and 10 grams of ferrous sulfate {c.p.) into a 500 ml.

"he éhemical Lrocess,
,hldraté and/Or‘peGC

curately a. convenient volume of the! ea
‘ hlorate and/o}

Add 2 nl of ferric alun indlcauor nd 2 ml of nitrobenze

- Titrate excess AgNO5 with the 0.1 N K”NS to a reddish—brown _
endpoint Record volume of KCNS used € B. e

Calculation of chloride content. Neither the chlorate nor.
the perchlorate interfer with the direct deterninauion ‘of -chlorlde
by the Yolhard ;rocedure, the czlculstions are direct tbus
G = miliiequivalents of chloride per 25 ml, of diluted sample =

(A.X ~Bx XN )
AgN03 KCNS

Expressed in terms of sodium chloride in the original sample,

x 1169 = grans NaCl per liter

1%} o

Determination of the Chlorate Content

¥ensure approximately 150 ml., of water,
f

ml. of dilute HpS0y

{odine flask.



Milliequivalents of chlorate fcund (H - (J + A ) =

S (ex Nxcns) =4

: Hil‘ieqnivalents of chloride ori~1nally present A

menressed in terms of scdiunm cnlorate in the ori 1na; sanple,

g.; 2129 = grans HaClOB per liter

Determiration of parchlorate content’ SR S

Measure 25 ml. of water, 2 ml. of dilute HpS0y (1:1), and

L F}

2 grans of ferrous sulfate (c.p.) intv a 500 ml. ;odine flask,

Pipette 25 ml, of the diluted sanple solution into the
lodine flnsk., Insert into opening of flask a snort stem fannel
to reduce vapor lose rnd place on steam bath for 1 hour.

Renove fronm

bath and add immediately 20 nl. of the 204
titancus sulfate solution =nd 25 ml. of diluts sulfuric aci
(1:1). Leave digeast on hot plate without boiling for 1 1/2 uours,




Cool and add an excess of ferric alum soluoion to- oxidize u o
ﬂs titanous sulfate._ Precinitate the ‘chlorides: by slow = .~ o
ono i :31ight excess is

3;13Add52'm1;_o£7nitrq-

Yo chloride and chlorate mist be subtracted “In- &daition B’
- blank determination: is recommended to corr:ut fur cnlqridenconfr ;
tont of the reagent : Coa Sl EE

ance. for the. 25 u1

Milliequivalents of total uhloride foandl
(N x NKCNS) 2

Milliequivalents of chloride in reayent U

ll

(P x _N&N%) -

Wi

Milliequivalent of chloride due to chlorate = K,
Milliequivalent of chloride due to origin&l,chlsride = A,
Milliequivalent of perchlorate found = (7= (U + X + 4)) =W

Expressed in terms of 'sodiun perchlorate ‘in the original sample
aolution,

%-x 29 = grams of NaClQy per liter

REPRODUCED FROM
BEST AVAILABLE COPY
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‘g;Indiroct COst

" Including plant overhead (superintendant shiftisupewieors

“‘chemists, office workers. plant vuards;‘etc ) nnd f,ﬁ,”;
iladministrative expenseOAw . , ‘;ahﬁllbq
‘Botal Cost | S
- o Not including depreciation. taxes. and inaurance on Pennsalt o
(y . .operating fee, Sl T S 12 6¢/1b

3, 'Esmxm.mn rmmmcmme COST 01? Pomssmu PERGHLOBATE m sonnm mcm,omm:

\ Dirnct Coat
Including raw materiala, {abor, maintenance, utilities, th-,_ o 13.8¢/1b.

Indirect Cost

The plant overhead applied to the sodium perchlorate plant - ) )
also covers this plant, o 00,0¢ /1%

Total Cest

ot including administrative overhesd and fee of the operator .
or depreciaticn, taxes and insurance, 13.8¢/1v,

Procaesg

Sodinm chlorate liquor iz fed batchwise to elecirolytic cells employing
copper anoies vrlated witl platim'm, The product of electroivsis, sodium per~
cnlerate, 18 convertad to the potassium salt by the additicn of a hot, concen-
Liaedsd 8olubicon of vpoitazzium chloride, The product is then cooled, cryetalilized,
filtared and dried,
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ncluding,plant superinuendant. 8 ,
office workers. plant guards.‘etc. 

Not includinr administrative overhead and fee of the operator or '

.lwf

“;depreciation, taxes ‘and insurance, o ,  5. 17.lé/ib.‘
 pmocESS - IR S o B e

| Potassiun chlo¥ete is bested to SOCOF, for ome hour in a silica- brick lined .
rotary kiln. ‘ine mélten kiln product is quenched and dissolved in watnr. ‘The: - ;
product is then crystallized, filtered and dried B |

INVESTMENT COST

It is cstimnted that a vlant to produce 10,000 TPY of potassium per-
chlorate at Calvert City, Kr., will cost $755,500. Included in the cost is .-
$40,000 for 2 building, .No warehousing or expansion space has been provided.  :
for in the estinate, : ¢

PRUJUCTIVE CAPACITY ' G

The potassium perchlorate plant is baeed on a productiogiof 10,000 TPY,

PROBATL AC“JRACY OF ESTIMATE

This estimate is believed to be mccurste within T 206,

REPRODUCED FROM
BEST AVAILABLE COPY
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EQUIPMENT LIST

, Vinwalizad B
};Hat,eria] aeof Tl
fConstructian 5

three - &304 S
... Steel: “Mned with ..
silica br.‘.ck e

:Ccnveyors :

Swenson Walker Cr"stallizers 9. hoffi‘s

1 - 401 L
1~30'1L

Bird Contimuous Filters 2000 gal./hr. S5 ss3on
R i 500 gol/hr, . 88304

Boto Louvre Dryer 310" D x 16! L, S ss304

REPRODUCED FRrom
EST AVAILABLE Copy
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“cents a pound.

jTotal Cosf

béen prepared for: ‘he PUrpose. of BEnd on. .
“or: eLectrolytlc process iox” manu;acture

Goiuding-raw materials, labor, maintenance, utilities, etc,

cluding plant superinun ndant, ahift supervxeors,‘chemists.{o’fi"o
orkers, pxant guards.,etc.

'?ﬁ‘dioxlde will incrense ihc product cost several

Powdered lead diox‘de is added to a watpr salution ofipotas:ium, hlor‘ e
and sulfuric acid,

produce potassinm Derchlora e and lend aloxide.‘ The proaﬁcts o}
are filtered, The filtrate ia recycled and the cake digested i'
hour at 100°C,
dioxide by electrolysls and reused**,
lized and dried.

The potassium perchlorate i

INVESTMENT COST

The investment cost leas purchase cost and recovery equipment for lead
dioxide ie $1,274,500 for a plant to produce 10,000 TPY of potassium per- -
chlorate at Calvert City, Ky.

*The recovrry of lead dioxide wili increase the prcduct cost seversal cents
a pound,

**T i piocess {.r electrolysis of lead sulfate requires development,

- wm we ww mm me wm wm am s e e e e mm e e e am e We Ge o M s e e e e M Ee m e em TR e ew S e




'PRODUCT cosr _ fﬂ;?f“

Gl ,J; It is estimﬁtea that tne bulk- nanu_ﬂﬁturinv cost of protassiun perchlorate
"~ less depreciation. tatea,,*nsurance ~adninistrative charges and Pennsalt 3perat-
ing fee would ‘be 16, &ﬁ’lb * at Calvert City, 'Ky., at a proqaction rate of .

o 10,000 TPY,

EIN

";PRODUCTIVE CAPAGITY .

3 -Tpls plant is rated at a production of 10, 000 TPY operating at a 90 5p
*;plantéefficiency.;f S TR e

PEDBABLE ACCURAC¥ UF ESTIMATE

r+‘
R

Tnis eatimate 18 be“cvﬂﬂ <cura*e withi

-....—..-——~-—.———-—-————--—-——-—.-—----————m-\--——-—

* ro
The recovery cof lead dioxide will increase the cost several cents g pouhd
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EQUIPMENT LIST . = -

g Visualized“f
L g0 e Metrlials of
Item Size = . ' Cou. rucion
Storaée Tanks
‘ Potassium uhlorate 165000 gal Steel
! Sulfuric Acid : 10,000 gal. Sveel
Qiand

Lead D.Luxidc o

- YT -

Acia brick lining

" Hecycle 5,000 gal,
Wa.ler Holdup 10,000/ gal, Steel
Hbldup tank p.OOOﬁgal. Acid brick lining
'Evaporators 4,650 sq. Duriron
225 sq. " Duriron
Beaction Vessels: - )
(Coils and Abitated)
" Potassium-Perchlorate (3) 2,500 gal. Acid Resistant
Dilution Tanks (2) 7,000 gal, brick lining
Pumps:
Ten duriron
One Steel
Conveyors:
Four teel
Two 5.8. 2316
B, Packnged Units
Bird Continuous Filters 1500 GPH Duriron
6000 GPH . . Duriron
300 GPH » %' Juriron
Swenson-¥alker Crystallizere %
Three 4GV long Duriren
Refrigeration 14 Tons
jOC)F.
Hoto Louvrs Dryer:
i 31L0%D x 167L Duriron
- 77 - REPRODUCED FROM

BESTAMNLABLECOPY
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PENNSYLVANJA SALT MANUFACTURING CO., RESEARCH AND
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INVESTIGATION OF METHODS TO PRODUCE SOD!UM PERCHLORATE
WITHOUT THE USE OF PLATINUM =~ AND APPENDIXES A THRU C -

PARTS 1 AND 2 1,97/&

GALL, J.F.: MILLER, H.C.; GRIGGER, J.C.
31 AUG'S1 155 PP PHOTOS, TABLES, DIAGRS, GRAPHS, DRWGS

< g v - fa
USN CONTR. NO. NoNR 372(00) X & 7r-27 %0 ¢ A S A
/guzmcus = PRQDUCTION CHEMISTRY (52) (1)
OD UM PERCHLORATE INORGANIC . CHEMISTRY (1
L“-&.—_—__‘. DEPUR—

= AD—ASOO 216

/5773’ el OAC, Y AL, e 27T

(Iizsgsfi::.‘ztms‘t Chevm"edU“ (‘i‘ “““”D
x 0 '/g 5y /,w/ /77’/«%/
7/

x <>(¢o:/£;afdf;-,/4c~ zia:) /4’2"~—’ SeC (:,‘4;4/4%4;@,75L_ ‘




